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Manufacturing Seamless Steel Tubes 


A General Description of the Manufacture of Seamless Tubing 
From Solid Round Billets—Cold Drawing of Seamless Steel 
Tubing—Manufacture of Seamless Steel Tubing from Flat Plates. 


HE success of “Shelby” Seamless Steel Tubing is 
due in a large measure to the excellent qualities of 
the steel used. This steel, the manufacture of 

which is controlled entirely by one organization, insuring 
continual uniformity, is delivered to the heating furnace 
in blooms of several sizes and weights, some of these 
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being 6, 7, 8 and 10 inches square, about 11 feet long and 
weighing 1,300 to 3,750 pounds. 

After the blooms have been carefully inspected for 
surface defects, and any irregularities chipped off with 
pneumatic chisels, they are conveyed by a crane to a fur- 
nace room where an electrically operated charging mech- 


Fig. 1—Charging blooms into bar mill furnace, 
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Fig. 2—Diagram of piercing operation. 


anism picks them up one by one and places them in a 
heating furnace. 


When the proper temperature for rolling has been 
reached, the bloom is pulled from the furnace by the long 
arm of the crane or transfer mechanism and placed upon 
a small electric buggy; this buggy transfers it to the roll- 
ing table of the bar mill where it passes through a series 
of rolls which changes the square bloom into a round bar 
of smaller size and greater length. Different sizes of 
round bars are thus rolled according to the size of tubes 
required to be made from them; some of the bars are 8 
inches in diameter when finished; while others are as 
small as 3 inches. While still at rolling heat, the round 
bars are cut to different weights (according to the length 
and wall thickness of the finished tube) by a circular saw, 
and centered while still hot. They are then allowed to 
get cold, after which they are inspected, marked with a 
‘die to identify the steel, and sent to the piercing mill. 


The bars are now known as billets, or “rounds,” and 
contain just enough metal for making tubes of the desired 
length, thickness and diameter, and to compensate for 
normal losses incident to manufacture of the tube. 


The first operation in making a seamless tube from 


Fig. 3—Diagram of Rolling Operation. 
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the billets, or “rounds,” is known as “centering.” In this 
operation, which is performed by a pneumatically operated 
machine while the billet is still hot from the rolling mill, 
an indentation is made in the center of one end of the 
billet by a punch, in much the same manner as prepara- 
tion is made for drilling holes in metal by center-punch- 
ing. The cavity, or countersink (about 1 inch deep) thus 
produced insures proper starting of the hot billet in the 
piercing operation, permits insertion of the piercing point 
at its most effective position in relation to the piercing 
rolls, and makes for an equalized displacement of metal 
from the center of the billet. 


After the billets have been centered, inspected and 
marked, they are placed in a heating furnace of special 
construction. The bottom of the furnace is inclined, and 
centered billets of the proper length are fed into the 
upper and cooler end, from which they roll by gravity to 
the lower end, where the temperature is high enough to 
render the steel soft and semi-plastic. 


The piercing mill is located close to the discharging 
end of this furnace and the billets are fed into it, cen- 
tered end foremost. The solid billet, almost white hot, is 
pushed forward until it is caught by the revolving rolls 


Fig. 4—Diagram of reeling operation. 


of the piercing machine which force it over the piercing 
point of a mandrel. As the billet is forced over this 
bullet-shaped point by the combined forwarding and 
rotating action of the heavy revolving rolls, a dull, grind- 
ing sound is audible. While enormous force is required 
to operate the piercing machines, there is nothing spec- 
tacular about the operation, nor much suggestion of the 
enormous power required to displace the metal from the 
center of the hot billet toward the outside. So powerful 
are the revolving rolls of the piercing machine and so 
carefully planned is each part of the massive machinery, 
that the billet is transformed into a tube with apparently 
the same freedom as a lump of dough would be manipu- 
lated by a pastry cook. 


The newly pierced billet is simply a rather rough, 
thick-walled, seamless tube. It is raw in appearance and 
not particularly true to size, and it retains the knurl 
marks of the piercing rolls on its battered surface. But 
it is positively without seam or weld, the round bar of 
steel having been pierced quite through its length, as a 
potter would force a pointed rod through a cylindrical 
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mass of moist clay. It is short, because of the thickness 

of its walls, and to change this thickness into length is 
the next requirement. Accordingly, it is rolled through 
adjustable rolls and over a mandrel held in the roll 
groove by a long steel bar where the wall thickness and 
diameter are reduced, and in this manner it is converted 
into a longer tube with walls of uniform thickness hav- 
ing a fairly smooth finish. 


While still at suitable working temperature, the rolled 
tube passes on through the reeling machine. This is 
another form of rolling machine, consisting of two heavy 
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rough ends are trimmed from the tubes and the tubes 
cut to proper length. Any slight straightening necessary 
is then done, the tubes thoroughly inspected (if boiler 
tubes, a hydrostatic pressure test is also applied), then 
stencilled, put in stock or sent to the shipping room. 


Tubes which have passed through the operations 
described up to this point are known as hot finished 
tubes. 


The term “hot finished” is used to distinguish these 
tubes from hot rolled tubes which are intended for cold 
drawing to smaller sizes. When tubes are “hot finished” 


rolls of special design, set with axes askew, which maythey are ready for use without further treatment in the 


Fig. 5—Reheated tubes passing through sizing rolls. 


be adjusted to a thousandth of an inch. As the tubes are 
fed through these holes, any mill-scale is removed and 
they are given a smooth, burnished surface, and the out- 
side diameter of the tube is corrected to some extent. 


From the reeling machine, the tubes pass to the sizing 
or finishing rolls, which give the exact outside diameter 
required. 

From the finishing rolls, the tubes travel to an inclined 
cooling table up which they slowly roll, and after being 
sorted and inspected are dropped into racks, ready for 
removal by electric cranes. The electric cranes transfer 
the hot finished tubes to cutting-off machines where the 
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mill, and all operations are performed on the tube before 
it becomes cold, thus differing from the manipulation of 
cold drawn tubes, which are allowed to become atmos- 
pherically cold before reaching the draw benches. 

Cold Drawing of Seamless Steel Tubing. 

Hot rolled tubes that are to be cold drawn are given 
the same piercing, rolling, reeling, and sizing operations 
as tubes that are to be not finished. The first operation 
preliminary to cold drawing, is pointing the tubes. One 
end of each tube is heated and then pointed in swaging 
dies under a power hammer. Pointing the tube furnishes 
a “bait” which is grasped by the heavy tongs of the draw- 
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bench in which the tube is to be cold drawn. In this way 
an even distribution of the pulling force is effected when 
drawing the tube through the die. 


Before tubes can be cold drawn they must be clean 
and free from mill-scale. They are therefore pickled in 
an acid bath which is heated and kept in constant agita- 
tion by jets of steam. 


While the operation of cold drawing is simple in prin- 
ciple, expert mechanical supervision is necessary to secure 
uniform, accurate results. The operation is practically 
the same for steel tubes as it is for brass and copper 
tubes. The apparatus used consists of a heavily con- 


Cutting off crop ends. 
Hydrostatic test. 


structed steel draw-bench, in the center of which is posi- 
tioned the die through which the tube is to be drawn. A 
heavy, square-linked endless chain runs over a wheel 
located underneath the die, and travels along the top of 
the bench for a distance of from 15 to 40 feet to a 
sprocket which is geared to a suitable source of power. 
The chain returns underneath the draw-bench. 

In operation, a hot rolled tube (now perfectly cold) is 
‘partially inserted in the die with its pointed end project- 
ing through. A workman slides a mandrel into the tube 
from the opposite end, and an operator seizes the pointed 
‘end of the tube with heavily constructed tongs which run 
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on wheels along the bed of the draw-bench. The tongs 
have a strong hook that catches on the traveling chain. 
By a tremendous pulling force the tube is drawn or liter- 
ally squeezed through the die, or between the die and the 
mandrel previously inserted. All tubes except those of 
one-half inch inside diameter and less, and those in which 
the wall is very heavy, relatively to the diameter, are 
drawn over mandrels. The mandrel is kept in position 
by a long bar which goes inside of the tube and holds the 
mandrel just even with the die while the tube is being 
drawn. Dies are made from the very best grade of 


crucible steel, and are machined to the thousandth of an 
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Cold swing tubes. 
Final inspection. 


inch, to govern the outside diameter of the tube that is 
to be drawn. “Shelby” Seamless Steel Tubes are drawn 
from 2 to 20 times through dies of varying diameter to 
obtain the required dimensions; some tubes are drawn 
still more by the manufacturing consumer, and the fact 
that they retain their uniform qualities through all of this 
manipulation is an excellent demonstration of the general 
high quality of the material. 

After the tube receives the final pass through the dies, 
which brings it down to the desired outside diameter and 
thickness, the point is cut off and the tube passes to the 
annealing furnaces. - 


Original from 
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Cold drawing makes the tube hard and brittle, and, 
therefore, after each cold drawing pass it is necessary to 
anneal the tube in order to make it soft enough to with- 
stand further drawing. The process of annealing forms 
scale on the tube and this must be removed by pickling, 
otherwise the scale would scratch the tube and score the 
die on subsequent cold drawing passes. 


After the last cold drawing operation, the tube is 
subjected to one of various anneals, according to the use 
for which it is intended. This anneal may vary from a 
“light” anneal to remove drawing strains, to a “long” 
anneal in a closed box “retort anneal,’ which makes the 
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tubes with the press type of machine. Small tubes are 
sometimes straightened by hand in a bending rack, the 
workman’s eye and expert judgment being the main 
factors in securing the result. 

After leaving the straightening machine, the tube 
passes to a cutting-off machine where it is either cut to 
specified lengths or multiples, or to the best advantage in 
random lengths. When this has been accomplished, the 
tube (if for mechanical purposes) is given a final inspec- 
tion and sent to the stock rack or shipping room. 


If the tube is a Seamless Steel Boiler Tube it 
is given an internal hydrostatic pressure test immediately 


Fig. 7—Machine shops, Elwood works. 


tubes extremely soft and ductile. 


After the required anneal has been given, the cold 
drawn tube passes to the straightening machines, where 
any deviations from straightness are corrected. These 
straightening machines are of different types, some of 
them based on a planetary system of roll-rotation, others 
consist of horizontal and vertical rolls together, and still 
others being nothing more nor less than presses designed 
for the purpose. In the two first-mentioned types, the 
straightening of the tube is practically automatic, while 
the human element enters to some extent in straightening 
after it leaves the cutting-off machines and has been in- 
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spected. The test pressure applied to tubes under 5 
inches in diameter is 1,000 pounds per square inch, and 
to tubes 5 inches in diameter or over, an internal hydro- 
static pressure of 800 pounds per square inch, provided 
the fiber stress corresponding to these pressures does not 
exceed 16,000 pounds per square inch. In certain cases 
where the fibre stress is over 16,000 pounds per square 
inch, tubes of standard thickness over 6 inches in diameter 
are tested to 500 pounds per square inch at the mill. 
After the tubes have been fully tested they are marked 
with a stencil, showing the name of manufacturer, the 
test pressure used, kind of material of which the tube 
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is made, and how finished. Tubes intended for mechan- 
ical purposes are tested differently than those used for 
boiler tube purposes. All tubing is subjected to frequent 
and rigid inspections and testing and it is because of these 
inspections and other important factors such as high- 
grade material and the modern manufacturing facilities 
described, that “Shelby” Seamless Steel Tubes represent 
the highest standards of accuracy in diameter, gauge, and 
wall thickness. 


Manufacture of Seamless Steel Tubing From Flat 
Plates. 


Seamless Steel Tubes, in diameters up to and 
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machinery of most gigantic and unwieldy proportions, 
and to drive such machinery would require tremendous 
power. But a tube 20 inches in diameter is seldom 
required in length greater than 10 feet and for such 
lengths the cupping process can be more economically 
and advantageously employed. 


The first “cupping” process seems to have been 
patented in England by Remond, in 1851, and was in- 
tended for small tubes as well as for those of consi /erable 
size, but at the present time the cupping process is used 
principally in the manufacture of large tubes. 


The steel plates from which these larger tubes are 
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Fig. 8—Annealing furnaces where tubes are annealed between bench passes when cold drawing. 


including 514 inches, are made by the piercing process 
described in the foregoing pages—tubes 5%4 inches to 
9% inches can be made by either the piercing or cupping 
process—while for tubes larger than 9% inches the cup- 
ping process is generally employed. 


By this cupping process, large, heavy-walled tubes are 
made from square plates of steel, which are practically 
the same as would result from the piercing of very large 
solid billets, if this were feasible. 


However, it will be readily comprehended that to 
obtain a seamless tube, say 20 inches in diameter, from a 
solid billet of steel, would necessitate rolling and piercing 
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made contain the calculated volume of metal required for 
the finished tube, plus a sufficient amount of compensate 
for the normal losses in manufacture. They are made 
from the same grade of steel as are the billets for the 
smaller sizes, and are delivered to the heating furnace 
in squares varying in thickness from % inch to 4 inches, 
and in size from 2 to 7 feet square. 


The square plates are placed in the heating furnace, 
and after reaching a proper temperature, are withdrawn, 
the corners sheared off to produce circular plates, or discs, 
and immediately passed to a hydraulic press where they 
are punched into rough, shallow cups. The cups are again 
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heated and punched through a smaller die to elongate, Inasmuch as the reduction of diameter and walls is 
or deepen them amd at the same time to reduce the limited for each heat, a cup may be heated and drawn 
diameter. as many as 12 times before it is a finished tube. 


After a plate, or 
disc has been formed 
into a cup of suit- 
able dimensions, it is 
reheated and drawn 
through a series of 
dies in a horizontal 
bench. This appa- 
ratus consists of a 
heavy cast stecl 
frame, or body, pro- 
vided with a power- 
ful hydraulically 


A plate has now 
passed into tubular 
form, and the 
original head, or the 
bottom of the “cup.” 
forms but a_ small 
proportion of it. 
Subsequent hot 
drawing operations 
may be necessary to 
produce a tube with 
a smaller diameter, 
a thinner wall, or a 
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operated plunger Fig. 9—Diagram of cold drawing operation. greater length. 
which can _ operate Finally the head, or 
through the full length of the bench. Punches of various closed end of the tube, which remains until the last opera- 
sizes are placed on the end of the plunger, according to tion is completed, is cut off, the tube is inspected and 
the size of tube desired, and dies of successively decreas- tested hydrostatically and the process is finished. If the 
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Moveable bottom furnace (bottom out) Moveable top Moveable top furnace (top off) 
Retort annealing for small tubes Furnace (top off) Charging retort 


ing diameter are dropped in recesses in the bench frame tube is to be used in making seamless steel cylinders, the 
in positions so that the heated elongated steel cup may head is left on to form the bottom of the cylinder, or a 
be forced through them one after another by the punch. special type of head can be made by spinning or welding. 
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Convention of A. of I. & S. E. E. this Month 


Fourteenth Annual Convention of Iron and Steel Electrical 
Engineers to Be Held at Hotel Pennsylvania, New York 
City, September 20 to 24. 


EPARATIONS are now being made for the Four- 

teenth Annual Convention of the Association of 

Iron and Steel Electrical Engineers, which is to be 
held in the Hotel Pennsylvania, New York City, Septem- 
ber 20 to 24, 1920. It is estimated that over 1,000 persons 
will attend the meetings. All the principle centers of the 
steel industry are to be represented: Pittsburgh, Chicago, 
Cleveland, Buffalo, Philadelphia and Birmingham will 
send large delegations. In addition a large foreign repre- 
sentation is expected. 


The meeting will convene promptly at 10 a. m. 
Moray, September 20, and will continue through until 
Friday afternoon. Twelve technical papers, prepared by 
some of the foremost electrical engineers of the steel 
industry will be presented during the convention. 


The annual banquet will be held in the Pennsylvania 
Hotel on Wednesday evening at 7 o’clock. The ban- 
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PROGRAM OF PAPERS TO BE DELIVERED BEFORE THE CONVENTION. 


“A Condensed History of Ore and Coal Loading and Unload- 
ing Machinery’—W. K. Monroe. 


“The Reversing Electric Mill Considered from the Standpoint 
of Tonnage”’—K. A. Pauty. 


“Power Transmission for Industrial Plants’—D. M. Perry. 


“Centralized Turbine Generating Stations for Steel Mills” 
T. E. Keartine. 


“Some Considerations in the Determination of Auxiliary 
Drives’—Gorpon Fox. 


“Report of Electrical Development Committee for 1920” 
E. S. JEFFERIES, Chairman. 


quet is always one of the features of the convention. 

Another most important feature will be the exhibits. 
Practically all the representative electrical manufacturers 
of the country have arranged for spaces, and their booths 
will undoubtedly prove most interesting. 


Among the booth holders are the following: 
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“Relation of Standardization in Electrical Equipment 
Safety’—WaALTER GREENWOOD. 


“Report of Electric Furnace Committee for 1920” 
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W. T. Snyper, Chairman. 
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New Blast Furnace Built in China 


The Yangtse Engineering Works, Ltd., Have Completed a New 
100-Ton Blast Furnace in Hankow, China—Many Prominent 


Men Were 


Yangtse Engineering Works took place on Sat- 

urday, June 26, 1920, in the afternoon, under the 
auspices of ideal weather in spite of the threatening 
showers of rain in the morning. There were over 200 
guests present, among whom were Han Kwong Tsao, 
Chief of the Civil Service and representing the 
Tuchun and the Civil Governor of hte Province, the 
foreign consuls and prominent Chinese and foreign 
business men, as also the directors and engineers of 
the railways, and superintendents of the Hanyang 
Iron Works and Arsenal. William Pigott, president 
of the Pacific Coast Steel Corporatoin, who arrived 
here in the morning, on a tour of investigation, evinced 
his interest in the enterprise by his presence also. 

Shortly 

after3o’clock 
launches and ee 
tugs took the . ENS ASS oe 
guests down 
from the Ra- 
cine Acker- 
man Jetty to 
the site of 
the works, in 


Shk- opening ceremony of the blast furnace of the 


Seven Mile 
Creek. On 
arrival, they 
were re- 
ceived. by 
Wong Kok 
Shan, repre- 


senting the di- 
rectors of the 
company and 
by Mr. Wong 
Kwong, the 
general man- 
ager, who 
showed them 
round the 
blast furnace 
plant. They 
were given an opportunity of seeing the tapping of 
the iron, which was arranged to take place about that 
time. 

The guests were then led to a spacious matshed 
decorated with flags and buntings, in which refresh- 
ments were served. 

Wong Kog Shan welcomed the guests in a Chinese 
address, which was replied to by Mr. Han on behalf 
of the Tuchun and Civil Governor. 


Mr. Wong Kwong then addressed the meeting in 
English as follows: 


“On behalf of the directors of the company, I thank you 
for the interest you have evinced in our works by your 
presence today at the opening ceremony of our blast fur- 
nace, which was blown in on May 22, last. It has often been 
commented on that China, with her vast population and 
territory, should do more in the development of her iron in- 
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in Attendance at 


Fig. 1—General view of new plant. 


the Opening Ceremonies: 


dustry, which is the backbone of all industries, than she has 
done in the past, and acting on this principle, we have been 
bold enough to make this modest attempt in adding one 
more furnace in China proper to those already in existence 
in Hanyang, so long the solitary beacon in this realm of 
industrial possibilities. Our aim is not one of rivalry with 
others but of mutual help and codperation, as we believe 
that there is room for more. 


“The plant which you see today is modern in every re- 
spect, and with the exception of the furnace, the hot stoves 
and dust catcher with their connections, the designs of which 
were supplied by Perin and Marshall, of New York, the 
whole plant and equipment were designed by the engineering 
staff of the Yangtse Engineering Works, and the materials 
for the whole plant, excepting pumps and three ready made 
engines, were fabricated and erected by us. Owing to the 
considerable delay attending the acquirement of the required 
land, the foundation work was not commenced till the latter 
part of January, 1919, and the furnace would have been com- 
pleted earlier, 
had it not been 
for the one or 
two months of 
flood we had 
last year, and 
the month of 
snowy weather 
we had in the 
early part of 
this year. 

“The furnace 
‘is designed to 
produce 100 
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T . per day. 
supported by 
six cast iron 
columns, has 
six tuyeres, 
and is lined 
with firebricks 
purchased 
from the Kai- 
lan Mining 
A d m i nistra- 
tion, Tientsin. 
“We may be 
permitted to 
» say that hav- - 
‘ing overcome 
the initial dif- 
ficulties in the 
fa b rication 
and construction of such a plant in China, to the extent of 
even making certain alterations in the original to suit local 
conditions, we feel confident of being able to execute similar 
orders for other iron and steel works in the Far East. How- 
ever, the future success of our works depends upon your 
good will and support, which we wish to bespeak. 


“Our honored guests, I thank you most heartily for the 
honor you have done us by taking part in our celebration 
today, and now let us take this opportunity of drinking to 
the health of our distinguished guests.” 


—C. C. A. Kirke, acting British Consul in Hankow, 
replying on behalf of the foreign guests, congratu- 
lated the works on the success they had achieved, and 
was followed by L. E. Gale, who proposed drinking 
to the success and prosperity of the Yangtse Engi- 
neering Works. | 

' The furnace is designed to produce 100 tons of 
sand cast pig iron per day. It is supported by six 
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cast iron columns, has six tuyeres, and is lined with 
firebricks purchased from the Kailan Mining Admin- 
istration, Tientsin. The cast house is about 50 feet 
span and 100 feet long with steel columns and iron 
roof. 


Bosh cooling is effected by sprays held on the 
steel plate jacket by plate strips. Also in addition 
there is one row of copper bosh plates immediately 
above the tuyere line. There is no cooling above the 
mantel but a permanent spray pipe is installed on the 
shell to take care of any possible hot spots that may 
be developed in the future. 


The furnace top is of the double bell stationary 


Fig. 2—View of hot stoves and chimney valves. 


type and is served by a single ship counter balance 
weight through a balancing tower at the bottom near 
the hoisting engine. There are two sets of horizontal 
hoisting .engines (one for spare) each with double 
high pressure cylinders 12 inch diameter by 20 inch 
strike designed and built by the Yangtse Engineering 
Works. ] oo’ 


There are one primary dust catcher of ordinary 
type and one centrifugal whirler for cleaning gas for 
stoves and boilers. 

Filling on the bottom is by means of buggies for 
ore, limestone and coke, Cast iron plates form the 
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floor of the sted: house. 


The blowing equipment consists of two horizontal 
connected cross compound engines and one tandem 
compound engine. As during the time of war, it was 
impossible to purchase any blowing engines, the 
steam end of these engines was purchased from stock 
abroad, while the air end was designed and made in 
the Yangtse Engineering Works here, being equipped 
with plate valves of the Allis Chalmers type. 


Air for blowing engines is taken through two cyl- 
indrical containers arranged and cooled similar to a 
surface condenser with air conduit to the three blow- 
ing engines. This is calculated to precipitate mois- 


Fig. 3—View of furnace proper. 


ture and afford a drier blast especially in the hot sum- 
iner when the atmosphere is high in moisture. 

Two surface condensers, each about 1,200 square 
feet condensing surface and calculated to give 25 
inches of vacuum, have been installed. 


In the boiler house are four boilers of the water- 
tube type, each of 1,500 square feet of heating surface 
and 150 pounds working pressure, provision being 
made for two more. They were designed and built 
by the Yangtse Engineering Works, as were also the 
Peaton type gas burners. Condensate from the 
condensers is filtered and used for boiler feed water 
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with provision made for “made up” water from the 
water tower. There are two Weir pumps for feeding 
boilers and two horizontal Worthington pumps for 
general and fire services. The latter have connections 
for feeding boilers in case of need, and for pumping 
direct to furnace bosh and spray cooling and cast 
house, so that in case it is found necessary to cut off 
water supply from the tower, these two pumps will 
be sufficient to keep the furnace going. 


Boiler feed water is heated by exhaust steam from 
the service pump. 


The main water supply flows from a large settling 
pond at the back of the Yangtse Engineering Works 
by gravity through an 18-inch cement pipe line and 
is pumped to the water tower by two horizontal steam 
pumps. Either one of the above two pumps is calcu- 
lated to furnish sufficient water supply, the other 
being a spare. ; 

All discharge water from the condensers, stoves, 
furnace, etc., is returned through deep drains back to 
the setting pond or to a cooling pond near the water 
tower and is used over again. 


Ample filters have been installed to insure clean 
water for all purposes. 

The water tower, which is of concrete reinforced, 
is 115 feet over-all, and has a capacity of 80,000 gal- 
lons, sufficient for future plant extensions. 


The handling of raw materials from the bund to 
stockyard is rendered exceedingly ditheult, by reason 


The Blast humace™® Steel Plant 497 


of the difference of 45 to 50 feet between high and low 
water in the Yangtse River. While at present 
manual labor is employed as a temporary measure, 
this condition will be taken care of by the installation 
of rope haulage electrically operated. 


A steam generating sect 1s on the way coming out 
from England, and will be installed in the main en- 
gine house. ‘This eqttpment is to run on steam from 
the main boiler house and will furnish power for the 
whole works, allowing the present generator equip: 
ment to be held in reserve. 


The buildings are: A three-story brick building 
for combined purpose of office, laboratory and living 
quarters. 


A blowing engine house of brick and reinforced 
concrete roof 50x90 feet. equipped with a 10-ton over- 
head traveling crane. 


The condensers building at the southeast end of 
the blowing house, separated by a curtain wall, being 
built also of red brick with reinforced concrete roof. 


A boiler house of red brick and reinforced concrete 
roof 40x95 feet. 

A hoist house of brick and cement face and red 
tiled roofing. 

A haulage house near the shore of the same con- 
struction. 

Other suitable buildings for housing coolies, work- 
men and for men around the furnace are also installed. 


The Acid Bessemer’ Process 


Description of Process in Which the Pig Iron Is First Desiliconized 


and Decarburized 


in Acid Bessemer Converters and Then 


Dephosphorized in Basic Open-Hearth Furnaces. 


By RICHARD S. McCAFFERY, 
Professor of Metallurgy, University of Wisconsin. 


HIS paper considers certain aspects of the acid 
T Bessemer process, particularly in its relation to 

the duplex process—that combination in which 
the pig iron is first desiliconized and decarbonized in 
acid Bessemer converters and then dephosphorized in 
basic open hearth furnaces. ‘The acid Bessemer 
process employs an acid-lined converter and produces 
an acid slag. The blow is usually thought to eliminate 
the silicon and manganese as oxides and then to burn 
off the carbon as carbon monoxide. On account, how- 
ever, of the relatively large amount of metallic iron 
present in the converter, compared with the relatively 
small amount of the impurities it is desired to oxidize, 
the first reaction in the converter probably is the 
formation of iron oxide, which dissolves in the bath 
and acts as an oxygen carrier for the silicon and car- 
bon. As soon as iron oxide is dissolved throughout 
the bath, the oxidation of silicon commences; but in 
the early stages of the blow the mass law would indi- 
cate that iron oxide must form first, and this oxide 
probably increases up to some saturation point. The 
molten metal in the converter from the early stages 
of the blow right through to its completion remains 


Abstract of paper presented before the American Institute 
of Mining and Metallurgical Engineers. 
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basic, while the slag produced is siliceous. This fact 
is shown by the corrosion of the acid bottom and the 
tuyeres, which is greatest at the tuyere orifice where 
oxidation is most active and where there is the most 
iron oxide. 


Why docs this acid bottom corrode? Because it is 
attacked by a base. ‘The thought, therefore, suggests 
itself, why not make the bottoms of basic or neutral 
material? As the converter slag is acid, those parts 
of the converter coming in contact with the slag 
should be acid; but those parts of the converter that- 
are in contact with the molten metal saturated with 
metallic oxides should be basic or neutral. Bessemer 
operators have for some time tacitly admitted this 
condition, for the blast pressures have steadily in- 
creased with the object of keeping the metal in sus- 
pension, and so preventing bottom corrosion; if the 
molten metal were not basic, it would not attack an 
acid bottom. In addition, the tuyeres are bunched 
together at the middle of the bottom and a clear space 
is left around the outside of the bottom; if tuyeres are 
placed too near the side wails the wall corrosion in- 
creases. If the increase of blast pressure in Bessemer 
converters was for the sole purpose of hastening the 
blow by getting more oxygen into the converter in 
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the same time, the number of tuyeres might have 
been increased, thus increasing the volume of air and 
decreasing the blast pressure. It is not desirable 
though to follow this procedure, because the addi- 
tional tuyeres can be provided only by placing them 
near the side walls, which results in increased lining 
costs. 

In a normal blow, the carbon stage begins after 
the oxidation of the silicon, the carbon burning largely 
to carbon monoxide; it thus does not generate sutf- 
ficient heat to raise the temperature of the bath dur- 
ing the latter part of the blow; the great rise in bath 
temperature takes place in the early stage when the 
silicon is burning. Many converters, though, particu- 
larly those of larger capacity, do not blow a charge 
in this way; they show a temperature rise during the 
latter part of the blow, the carbon being burned to 
dioxide instead of to monoxide, with the resulting 
liberation of 97,000 calories instead of 29,000 calories. 
cs a matter of fact, many blows that are not initially 
of too high silicon contents are finished at excessively 
high temperatures, in some cases running up to 1,800 
degrees C. Although the bad effect of this practice 
is known and attempts are made to lower the final 
temperature by the addition of scrap to the converter 
or by the introduction of steam in the air blast, the 
best method of lowering this temperature, by burning 
the carbon to monoxide, which also decreases by one- 
half the power consumption during the carbon stage 
of the blow, is not used because it is necessary to keep 
the metal charge away from the converter bottom. By 
following the present practice, the direct bottom ex- 
pense may be reduced seemingly, by employing a high 
blast pressure, but the power cost is greatly increased 
and the temperature of the finished blown metal is 
very high; or if the finishing temperature is kept 
down to the proper point, there is the extra expense 
of scrapping or of steaming. I[t does not seem right 
to charge scrap in a process that has as one of its 
principal objects the production of scrap, or to ex- 
pend energy for excess air in order to turn carbon to 
dioxide when the extra amount of air will be furnished 
by the atmosphere at the converter mouth. By this 
plan a vicious cycle is in operation: more energy is 
employed for blowing in more air, which produces 
more heat, which requires more energy, in the form of 
steam, to lower the temperature. \Vith the use of 
basic or neutral bottoms, blast pressure may be re- 
duced and the tuyere area increased because the basic 
- charge will not corrode bottoms of this character. 

The author has already pointed out the possibili- 
ties of decreasing the time of blow and decreasing the 
power consumption with the use of a greater number 
of tuyeres and lower blast pressure; and Table 1 sum- 
marizes the data obtained in a test of a 23-tuyere bot- 
tom compared with a bottom designed by the writer 
containing 35 tuyeres. 


Table 1—Results Obtained by Increasing Number of Tuyeres 
and Decreasing Blast Pressure. 


Old-style New-style 
Bottom Bottom 
Number of tuyere blocks, each con- 
taining twelve 5@-iInch tuyeres..... 23 35 
Weight mixer metal, pound .......... 47,000 50,000 
Blast pressure at engine, lb. per sq. in. 28 22 
Total engine revolutions per blow ... 5x9 443 
Time of blow, minute ................ 14 10 1/3 
Comparison of time, per cent ........ 100 69 
Comparison of power, per cent ...... 100 60 


In the open hearth stage of the duplex process, the 
temperature of the open-hearth bath is an important 
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factor if the dephosphorizing operation is to be suc- 
cessfully carried out, also the temperature of the 
blown metal passing from the converters to the open 
hearth is of great importance. To obtain maximum 
capacity in the open hearth, just as soon as it is ready 
for the blown metal, the blown metal from the con- 
verter should be ready to be poured in; and when the 
kicker charge is introduced, ithe bath should be at the 
proper temperature for the reactions to take place in 
the proper order. It should not be necessary to raise 
or lower the temperature of the heat very much. If 
the temperature of the molten bath in the open hearth 
is too high, the carbon is burned off first and after 
nearly all of it has been eliminated the phosphorus is 
oxidized and slagged. If the bath temperature is cor- 
rect, the phosphorus reaction takes place first and the 
heat is finally worked down to the desired carbon con- 
tent. Carbon is much more active in taking oxygen 
out of the molten metal than is phosphorus, with the 
result that when the process is carried out at the 
proper temperature and the heat is finished on carbon, 
the steel produced is much less likely to contain oxy- 
gen than when the heat is finished on phosphorus. 
The importance of this point, with respect to the 
Bessemer stage, is that under certain conditions, al- 
ready pointed out, the converters may furnish blown 
metal at an excessively high temperature which may 
be poured into an open hearth that, for various rea- 
sons, may be at a higher temperature than normal, 
with the result that the order of reactions in the open 
hearth is reversed and the open hearth product may 
contain oxygen. 


When running down at the end on phosphorus in 
this way, there is a twofold danger. If oxygen addi- 
tions are made for the purpose of getting out the 
phosphorus, there is a chance that the steel will carry 
oxygen, although it may be thoroughly dephosphor- 
ized; whereas if there is not sufficient oxygen-carry- 
ing material charged to eliminate the phosphorus, the 
metal may not contain oxygen but it will not be de- 
phosphorized. The alternatives then, when an open 
hearth bath is finished on phosphorus, are that the 
metal either will be oxidized or the phosphorus will 
not be eliminated, whereas, if the order of reaction 
were changed and the phosphorus removed first and 
the carbon taken out at the end, the carbon would 
protect the metal from oxidation after dephosphoriza- 
tion and good steel would be produced. 


It is not claimed that this happens in every open 
hearth heat, but it does happen in some. This se- 
quence of happenings can be avoided and the possi- 
bility of oxygen-carrying steel being made will be cut 
down to a minimum if excessive blast pressures are 
avoided. This can only be done economically, in the 
opinion of the writer, if basic or neutral converter 
bottoms are employed. The use of these bottoms wili 
avoid the high blast pressures and cut down the power 
cost by burning the carbon to monoxide. In accom- 
plishing both of these, the production of overheated 
blown metal will be minimized and the possibility of 
producing oxidized steel will be very slight. 


Epitor’s Note—Henry D. Hibbard, one of the coun- 
try’s foremost metallurgists, and who writes exclusive 
articles for THe Biast FuRNACE AND STEEL PLANT, is 
spending some time abroad visiting the steel plants there. 
He will have some interesting data for our readers on 
his return. 
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New Burner for Blast Furnace Gas 


Description of Steinbart Burner as Used in Blast Furnaces at the 


’ 
' 


Lorain Works of the National Tube Company—Automatically 
Regulates the Air for the Burner. 
By DONALD N. WATKINS. 


LFRED STEINBART, of the National Tube 
eX Company has designed a new gas burner which 

has been used successfully at the Lorain Works 
of The National Tube Company for the past several 
years. The main features of the burner are that they 
take the regulation of the air at the blast furnace 
boilers and stove burners entirely out of the hands of 
the fireman and stove tender. A combustion system 
is used which automatically regulates the air supply 
so that 0.7 of a cubic foot of air is supplied to the 
burner for each one cubic foot of blast furnace gas, 
this being the amount required for the best combus- 
tion. The only regulation which the fireman is re- 
quired to perform, is to turn on the needed amount 


pressure in the air chamber is always the same as the 
pressure in the gas chamber. As a result of this ar- 
rangement, seven-tenths cubic feet of air enter into 
combustion with one cubic foot of gas. This pro- 
portion is always the same, if the gas pressure is high 
or low, if the gas valve is wide open or nearly closed, if 
the pressure in the combustion chamber is negative or 
positive. 

Figs. 1 to 8 illustrate the construction of the boiler 
burners as applied to a battery of Cahall boilers. 
These boilers are 250 hp each. Referring to Fig. 1, 
the gas is supplied to the boilers by the gas main (5) 
and brought to the burners (14) by the down-legs 
(19) of which there is one between each two boilers. 


of gas; the air butterfly opens and closes auto- 
matically. 


The principle of the burner is quite simple. It is 
provided with a chamber into which the gas is ad- 
mitted under the control of a hand valve; from this 
chamber, the gas flows through an orifice into the 
combustion chamber. Adjoining this gas chamber is 
an air chamber which is supplied with air under pres- 
sure by a fan. From this air chamber the air also 
flows through an orifice into the combustion chamber. 
The areas of the gas orifice and air orifice have a pro- 
portion of 1 to 0.7. Between the fan and the air cham- 
ber is a butterfly valve operated by a regulator under 
control of the pressure in the gas chamber which reg- 
ulates the flow of air to the air chamber so that the 
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Fig. 
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The air is furnished by the fan (22) which is driven 
by the constant speed motor (23). The fan discharges 
into the air header (6) which runs parallel to the gas 
main in front of all the boilers. In front of each boiler 
there is a branch (25) leading down from the air 
header to the two burners which supply the boiler. 
The boilers are equipped with dutch ovens and on 
these the regulators (4) are placed, one for each 
boiler. The hand wheels (36) operate the gas valves 
(30). These are shown in Fig. 2. The burners are 
in the shape of a square box. This is divided by a 
horizontal partition (11) into two chambers, the upper 
one (13) receives the air and the lower one (12) the 
gas. Referring now to Fig. 3. From the air chamber 
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there is an outlet into the combustion chamber (2) 
and adjoining there is another outlet from the gas 
chamber into the combustion chamber. These outlets 
are about 24 feet long and 6 inches wide and in each 
of these is placed a comb (38 and 39 respectively). 
These combs have their teeth set so that those of the 
air comb are staggered in relation to those of the gas 
comb. The teeth of the air comb form an angle of 90 
degrees with the teeth of the gas comb. The air flow- 
ing through the air comb therefore cuts under an 
angle of 90 degrees into the gas flowing from the gas 
comb, causing intimate mixture. In Fig. 2 these 
combs are shown very plainly. The area of the open- 
ings in the air comb is 7/10 of the area of the open- 
ings in the gas comb. The two burners supplying 
one boiler are inter-connected by necks terminating 
into the flanges (18). These necks provide a passage 
from the air and gas chambers of one burner to the air 
and gas chambers respectively of the other burner, 


Fig. 7. 


making practically one burner of the two separate 
units. Referring to Fig. 1 again: 


The regulator (4) consists of a base plate (42) on 
which is mounted a column (49) which carries the 
fulcrum of a scale beam (50). [T'rom this scale beam 
is suspended at one end the gas bell (51) and at the 
other end the air bell (52). These bells dip into the 
circular tanks (43 and 44 respectively). The tanks 
are filled with water to form a seal. Pipe (47) con- 
nects the gas chamber with the gas bell and pipe (48) 
the air chamber with the air beli. If the gas valves 
are opened, pressure is set up in the gas chamber. 
This pressure communicates through pipe (47) to the 
gas bell and moves it up, so that the other end of the 
scale beam moves down. The scale beam is con- 
nected by a rod (77), see Fig. 5, to a pilot valve (75) 
which is moved from its center position so that it ad- 
mits service water under about 30 pounds pressure to 
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the operating cylinder (55), causing the butterfly (27) 
to open. The butterfly is located in the branch pipe 
from the air header to the burners and air from the 
fan enters into the air chamber of the burner. As soon 
as the pressure in the air chamber becomes equal to 
the pressure in the gas chamber, the springs (53), see 
Fig. 4, bring the scale beam back to the level position ; 
the pilot valve is thereby brought to its center posi- 
tion again and the butterfly does not open any further. 
If the gas pressure in the gas chamber fluctuates due 
to an irregular supply of gas, then the regulator takes 
care that the pressure in the air chamber also is 
changed to conform with the change in the gas 
chamber. 


Fig. 6 shows a section through the pilot valve. 


Fig. 7 gives a view of one of the boiler burners. 
On the front of the downleg at the right is a glass 
jar, partially filled with water. Four glass tubes 
are dipping into the water. They are connected respec- 
tively to the air and gas chambers of the burners of the 
adjoining boilers and the pressure in these chambers 
forces the water level in the tubes down. This gauge 


gives an indication if the pressures in gas and air 


Fig. 9. 


chamber are the same and also how much pressure 
there is. It shows the operation of the regulator, as 
the water in the gas tube moves it is followed di- 
rectly by the water in the air tube and the two always 
keep on the same level. Then it also shows roughly to 
the fireman how much gas is passing through the 
burner and how much steam is developed, giving him 
a guide how far to open the gas valves. Fig. 8 shows 
a battery of boiler burners, and Fig. 9, one of the 
regulators. 


An installation of stove burners for one blast fur- 
nace with five stoves is illustrated in Fig. 10 to 17. 


Referring to Fig. 10, in which the burners and 
their accessories are shown in heavy lines, the upper 
part gives a plan and the lower part an elevation. .The 
plan shows the location of the motor driven fan in the 
small house adjoining the cast house. The air passes 
from the fan through a rectangular duct into the air 
header which is also rectangular and is iocated below 
the hot blast main. On the drawing it is shown in 
dotted lines. The elevation shows the gas main above 
the hot blast main a little lower and _ still lower 
the air header, At each stove the gas is brought down 
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through a downleg which terminates at the bottom 
into a dust pocket. From the side of the downleg the 
gas passes through a Wilson valve and through another 
elbow into the burner. Each one of the burners has a 
regulator, which is located in a little house placed imme- 
diately below the gas main. The regulator houses are 
accessible by ladders and are protected against frost by 
small steam radiators. 


Fig. 11 shows a section through the burner. (A) 
is the before-mentioned Wilson Gas valve from which 
the gas enters through an elbow into the gas chamber 
(B). This chamber is provided with a baffle, C, which 
serves the purpose of breaking the speed of the gas 
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area of the gas orifice, E. The regulator, K, and operating 
cylinder, L, are of the same construction as the regulator 
and cylinder used on the boiler burners and operate 
through the bellcrank, M, and lever, N, the air butterfly 
valve, O, in such a manner that the air pressure in cham- 
ber G, is always equal to the gas pressure in chamber B. 
Gas and air flowing through the orifices, E and I respec- 
tively, propelled by equal pressures, flow with equal 
speeds and because the proportion of the orifice areas is 
one to seven-tenths, seven-tenths cu. ft. of air stream 
P, operated by the handwheel Q, by means of a toggle ar- 
rangement, connects the burner with the stove door 


Fig. 8. 


and removing mud and entrained moisture from the 
washed gas. After the gas has impinged against this 
baffle it passes around the same at both sides with low 
speed into the tube, D. This tube has an 
orifice ring, F, which gauges the flow of gas into the 
stove. The air passes from the airduct through a 
short tube, F, into the air chamber, G. and from there 
into a circular casting, H. This casting is contracted 
at the end to form with the outside of the tube, D, a 
ring-shaped orifice, I, which gauges the flow of the air 
into the stove. 


The area of the air orifice, I, is seven-tenths of the 


when the stove is on gas and telescopes over the cast- 
ing, H, when the stove is on blast so as to provide 
room for the cover of the stove door. The sleeve makes 
a tight fit on the stove door and also on the burner 
and is very easily moved back and forth. 

Fig. 12 gives a view of the installation. The fan 
house at the left, the air duct connecting the fan to 
the air header, the gas main, downlegs, valves and 
burners. Below, the gas main can be seen two of the 
regulator houses. 


Fig. 13 gives a side view of the burner while the 
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stove is on gas. The sleeve is moved out against the 
stove door. From the gas chamber and air chamber, 
pipes lead to the left and connect to the regulator 
which is not visible. At the upper left of the picture 
the rectangular air duct can be seen. A pointer is at- 
tached to the lever, N, of the butterfly valve and 
serves to show the gas consumption on a scale in 
cubic feet per minute. 


Fig. 14 is the same view with the stove on blast. 
The sleeve is moved back and the air valve in the closed 
position. 

Fig. 15 is a near view of the burner. Above is the gas 
main, below it on the right and left part of a regulator 
house, in the center the downleg, gas valve and the 
burner. Also the two pipes connecting gas and air 
chambers to the regulators located in the house on 
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the right side. 
The results obtained with these burners have been 


very satisfactory. The burners were first applied to . 


boilers. At Lorain Works all the electric power was 
generated at that time by steam units which were 
supplied with steam from the blast furnace boiler 
house. This house is equipped throughout with the 
Cahall vertical boilers of 250 hp. Each boiler had a 
grate surface eight feet wide and six feet deep and 
were fired with gas and coal combined. 


However, through the development of the electric 
drive in the works, the power demand grew more and 
more, so that the boilers were not able to make suf- 
ficient steam. It was then decided to separate on a 
number of the boilers the burning of coal and gas, 
and to use forced draft under the coal fired boilers to 
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get better economy and more steam. However, when 
the boilers were tried on the gas alone, they would 
develop only about 180 hp. The part of the boiler 
opposite the combustion chamber was always black. 
Forced dratt under the coal fired boilers proved satis- 
factory. Then in order to increase the capacity of the 
gas fired boilers the new burners were installed and 
with these there is no difficulty to get the back of the 
boilers hot. With gas alone, up to 400 hp per boiler 
can be developed. But when this is done the draft in the 
combustion chamber changes to pressure as high as 
3/10 of an inch. The fire and ash pit doors are bricked 
up and this keeps the flame from blowing out and 
burning the doors. The only trouble which has been 
developing in forcing the boilers to this extent is 
burning the flange unions on the blow-off pipes and 
on account of this, these boilers are ordinarily not 
forced beyond a balanced draft in the combustion 
chamber. Under this condition, the boilers develop 
about 330 hp. The stack gases average 22 per cent 
carbon dioxide, .1 per cent carbon monoxide and 3. 
ner cent oxygen. This oxygen is to a large extent 
leakage through cleaning doors 
i the boiler settings. 


Tt often occurs with other boiler and stove burners ° 


thet the flame surges back and forth at the entrance 
to the combustion chamber. 


Original from 
UNIVERSITY OF CHICAGO 


and other openings 


If this is the case almost . 
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invariably the stack ‘analyses show unburnt gas. This 
surging with the natural draft burners affects the air 
only, because the gas is supplied under pressure and 
everytime the flame surges out, the air is prevented 
from entering the combustion chamber. This surging 


Fig. 12. 


sometimes gets so strong that the flame makes it dif- 
ficult to approach the burners. With the Steinbart 
burners the annoying surging is entirely eliminated. 


_ When the burners were found to give such satis- 
factory results at the boilers, a stove burner was de- 
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Fig. 15. 


signed and tried out. After various changes the 
stoves of No. 5 furnace were equipped and have been 
in operation since March of this year. After their in- 
stallation it was found that when the stoves would be 
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kept on gas only one-half the regular time and then 
closed up, that as good blast temperatures were ob- 
tanied as before with the old burners. The gas pres- 
sure records before and after the installation of burners 
showed a rise in pressure over the entire plant which could 
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Fig. 13. 


not be attributed to anything else than to a saving in gas 
by the stove burners. Also from an operating point they 
were successful from the start. The only trouble 
which has developed was clogging of the water pipes 
to the pilot valves by.a slug or dirty water. A reoc- 


Fig. 14. 


currence of this will, however, be. prevented by the 
installation of a strainer. The following stack gas 
analyses show the performance of the stove burners, 
The samples were taken regardless of conditions: 
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June 
1920 
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Aver. 


Average of 45 analyses CO: 23.6, Os 1.8, CO .00. 


Aver. 


No. 1 Stove 

CO; O: CO 
22.8 3.0 0 
25.8 4 OD 
21.8 26 O 
20.4 42 O 
21.8 2.8 0 
21.8 3.6 0 
26 28 0 
22 26 oO 
22.4 28 0 
24.0 1.6 0 
22.6 2.6 O 


CO: O: 


o 
BN 
bh 
° 
CO 
S00 


Ce ee ed 


2444 14 0 
22 42 0 
216 36 0 
220 


229 2.2 
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Stove Flue Gas Analysis. 


No. 2 Stove 
CO; O: CO 
23.0 18 0 
68 Oo O 
24.0 1.2 0 
22.4 2.6 0 
64 oO O 
2514 0 0 
236 Oo oO 
23.8 1.2 0 
26.6 0 0 
249 7 A) 


Stove Flue Gas Analysis. 


CO: O: CO 
25.8 0 0 


ee ed 


26.2 O 0 
242 10 0 
25.6 A 0 
24.6. 1.0 


No. 3 Stove 
CO; O: CO 
aera 
240 14 0 
23.2 1.6 0) 
23.5 1.8 0 


No. 3 Stove 
CO; O; CO 
220 30 0 
24.0 1.4 0 
2.6 24 0 
24.4 1.2 0 
224 26 0 
22.8 2.8 0 
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Average of all 47 analyses CO: 23.3, CO none, Os 2.1. 


*Pipes to pilot valves plugged by dirty water. 


July 
1920 


Aver. 


No. 1 Stove 

co: O: CO 
22.0 2.8 O 
22.2 2.8 O 
20 34 0 
23.4 2.2 O 
28 30 O 
22.2 24 0 
22.4 2.4 0 
22.2 2 0 
22.2 1.6 0 
22.3 2.6 


Stove Flue Gas Analysis. 


No. 2 Stove 
CO: O: CO 
21.2 40 0 
25.2 0 0 
24.4 1.0 0 
224 3.2 O 
24.6 1.2 0 
23.4 2.4 0 
23.6 2.0 0 
23.6 1.6 0 
22.2 1.6 Oo 
224 22 O 
23.0 1.2 O 
24.0 0 0 
23.3 1.7 
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No. 3 Stove 
co: O: CO 
23.4 2.0 0 
24.2 1.6 0 
24.0 1.8 0 
22.6 2.0 0 
234 24 0 
24.2 1.4 0 
23.2 1.8 0 
pes 
24.2 2 0 
24.0 1.5 


Average of all the 49 analyses, CO; 23.2, CO 0.0, O 1.9. 


No. 5 Furnace. 


No. 5 Furnace. 


No. 5 Furnace. 


No. 4 Stove 
CO, O: CO 
26.0 6 0 
25.2 4 0 
24.2 1.4 0 
22.4 2.6 0 
23.4 2.0 0 
23.4 2.0 0 
23.4 2.2 0 
23.4 2.4 0 
24.8 1.0 0 
24.0 1.4 0 
24.4 1.6 O 
24.1 1.6 0 
No. 4 Stove 
CO; O: CO 
23.4 2.0 0 
24.0 1.2 0 
23.8 1.4 0 
24.6 1.4 O 
25.4 8 0 
224 28 0 
23.2 1.4 0 
24.0 20 8 O 
24.0 1.2 0 
24.2 1.6 0 
*19.2 5.0 0 
23.5 1.9 
No. 4 Stove 
CO, O, CO 
23.4 1.8 Bt) 
232 24 0 
23.2 26 0O 
24.4 1.2 0 
23.2 22 0 
23.2 24 O 
23.0 22 O 
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No. 5 Stove 
CO. O: CO 
220 28 0 
216 30 0 
246 12 0 
23.2 2.6 0 
23.0 2.0 0 
230 20 0 
23.0 2.2 0 

No. 5 Stove 
CO; Os; CO 
22.2 2.6 0 
21.2 3.6 0 
23.6 1.6 0 
2440 22 0 
08 42 0 
22.6 2.4 0 
22.2 3.2 0 

*180 60 0 
22.2 2.9 

No. 5 Stove 
CO; Os CO 
21.4 3.8 0 
218 3.2 0 
218 3.4 0 
ee . ian ° 
234 24 O 
22.8 18 0 
24.0 14 O 
23.0 14 0 
23.4 6 60 
23.1 2.0 
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Microscopic Metallography of Steel 


Dealing With the Composition, Constitution, Structure and 
Physical Properties of Steel by the Chemical, Mechanical and 
Microscopic Methods and the Results of Examination by the Same. 


ETALLOGRAPHY in its widest sense deals 
with the composition, constitution, structure, 
and physical properties of steel. 

In the study of steel there are three principal 
methods of arriving at the solution of most of the 
problems that arise, but in pursuing the study it must 
be borne in mind that only in the exceptional cases 
can the solution to the problem be arrived at by any 
of these methods. The great majority of cases will 
require the correlation of the results of at least two 
of these methods, while in some cases all three will be 
required. These three methods are as follows: 


1. Chemical methods. General analysis and separation 
of the elements. 

2. Mechanical methods. Determination of elasticity, 
tenacity, ductility, hardness, etc. 

3. Microscopic methods. Examination of constitutional 
and crystalline structure. 


Microscopic Metallography—History. 

The first records of the use of the microscope as 
applied to the examination of iron or steel dates back 
to 1722, but not until 1878 was there much intelligent 
work done as regards the general laws relating to 
fractures, crystallization, etc. Between 1878 and 1890 
the study was carried on by such men as Osmond, 
Howe, Charpy and Sauveur, and most of the funda- 
mentals can be traced to the work of these men. 
However, it was not until after 1900 that the subject 
was taken up by steel manufacturers and users of 
steel products as an adjunct to the chemical and 
physical methods which had been in common use for 
years. During the past 20 years great advancements 
have been made in the study of steel by the micro- 
scope, and at the present time it is hard to realize 
that not so many years ago its use was practically 
unknown. 


Results Obtainable. ; 
The chief points ascertainable by the use of the 
microscope are as follows: 


1. The crystalline state of the material and changes in 
structure due to mechanical and thermal treatments. 


2. The constitution of the material, or namely, the differ- 
entiation of the various constituents which combine to make 
up the material. 

3. The presence of foreign bodies. 

4. Mechanical defects. 


Sampling of Material. 


When a decision has been made to examine a piece 
of steel, the correct location for the examination must 
be marked, as it must be remembered that it is a dif- 
ficult matter to examine a large section. In most 
cases there is no need to examine a very large surface, 
as a section can be chosen which will represent either 
the average of the whole piece, or in the case of a de- 
fect, will enclose the defect. By means of a hack- 
saw or other mechanical device, a specimen with a 
surface area up to 14-inch square can be removed for 
examination. If, as in some cases of large sectioned 
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castings, etc., a piece is burned out by means of 
an oxy-acetylene torch, there should be at least an 
inch of metal around the part to be examined, and 
this extra body of metal can afterward be removed 
by mechanical means. This is done to avoid any 
change in structure which might have been caused by 
the high temperature of the torch flame. 

When 1t comes to wire and tin plate, which have 
very small sectional areas, it is necessary to either 
fasten several of them together by means of suitable 
clamps, or else to cast an alloy of low melting tem- 
perature about them, before it is possible to prepare 
them for examination. 


Polishing for Examination. : 

An outline is given below of a successful method 
of polishing by which a specimen can be prepared for 
examination and photography in about 30 minutes. 
When an examination only is desired, and some 
scratches are not objectionable, this period of time 
can be shortened. 

First: The specimen is held against the flat sur- 
face of an emery wheel until all marks of the hack- 
saw, etc., are obliterated and a flat surface is obtained. 


Second: The specimen is then rubbed by hand 
back and forth on three grades of emery paper, each 
succeeding one being of finer grit. After each paper, 
the direction of rubbing is at right angles, so that in 
turn the scratches of the coarser papers are entirely 
removed. 

Third: The next operation is that of rubbing the 
specimen by hand on a cloth-covered board upon 
which a water paste of fine alumina powder is placed. 
This is continued until the marks of the finest emery 
paper are removed. 


Fourth: The final polishing is done on a cloth- 
covered board, which is covered with a water paste of 
very fine rouge. By careful manipulation it is pos- 
sible to obtain a surface on the steel which is free 
from scratches, even when the examination is done 
at rather high magnifications. 


Fifth: The rouge is washed off in water, and the 
specimen is dried by means of alcohol and heat. 


Etching, Etc. 

The polished surface is now ready for examination 
under the microscope for the purpose of detecting 
foreign inclusions or mechanical defects. After this 
examination has been completed, it is then necessary 
to bring out the crystalline structure of the steel, in 
order to determine its other qualities. The most com- 
mon etching solution for carbon steel is a 10 per cent 
solution of nitric acid in alcohol. The specimen is 
immersed in this solution until the structure is suf- 
ficiently well defined, when the acid is washed off, 
the specimen dried, and again placed under the micro- 
scope for final examination. 


A photograph can be made of the structure of the 
steel, 1f so desired, and this photograph is called a 
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“photomicrograph.” As comparisons between struc- 
tures of various specimens are desirable, a standard 
magnification should be closely adhered to, and for 
this work it has been found that 100 diameters makes 
an excellent standard. This is designated as X-100. 


Results of Examination. 


First: Crystalline state of the material and 
changes in structure due to mechanical and thermal 
treatments. 


a. Molten steel consists of a liquid solution of 
iron and carbon with the impurities, and when cast 
and slowly cooled, results in a segregate of iron (fer- 
rite) and carbon. From chemical methods it is known 
that carbon in steel is not in the free state, but is com- 
bined with iron to form iron carbide (Fe,C). At first 
it was thought that the dark areas seen under the 
microscope were all iron carbide, but when examined 
under higher magnifications it was found that these 
masses were made up of numerous striations which 
consisted of iron carbide and iron. This combination 
was given the name “pearlite,” owing to its having 
the appearance of “mother-of-pearl” and it was dis- 
covered that this pearlite contained about .85 per cent 
carbon. Iron carbide was called “cementite,” and it 
contains about 6.67 per cent carbon. 


In carbon steel slowly cooled from the cast con- 
dition, the grains are fairly large, due to the expulsion 
of the iron to boudaries of the grain or to the 
cleaveage planes, while the brittleness is due not only 
to this condition, but also to the fact that the iron 
itself is by nature brittle. 


The higher the carbon in the steel, the larger will 
be the grain size of the cast steel, due to the cor- 
respondingly greater expulsion of the ferrite to the 
cleavage planes. 


b. When ingots are heated for rolling to about 
2,200 degrees F., the grains are in practically the same 
condition as when cast, but when rolling commences 
these large grains are broken up and so long as suf- 
ficiently vigorous work is kept up, any further growth 
of the grains is prevented. However, when work 
ceases the growth of the grain re-commences and will 
continue until the steel has cooled down to its critical 
range, when all further growth ceases. The critical 
range of steel is that range of temperature during 
certain changes in the condition of the ferrite as 
it passes from the solid solution to the free state. 


As large sections, such as 8x8-inch blooms, are 
usually at a very high heat when rolling is finished, 
their structure will often resemble those of castings, 
and on account of this they are apt to be brittle and 
low in ductility. 


c. The structures of billets, bars, plate and skelp, 
when rolled direct from ingots without any re-heat- 
ing, are much better than that of a large bloom, be- 
cause more work has been done on the steel, thus 
breaking up the casting condition more thoroughly, 
and as the finishing temperature is lower, the chance 
for grain growth on cooling has been greatly reduced. 
Sometimes, however, even these sections show a 
rather large grain structure, which is proof that they 
have been above the critical range when rolling has 
ceased. 

d. Angles, structural shapes, plates, etc., which 
are usually rolled from re-heated billets or blooms, 
show structures somewhat similar to those of bars 
rolled direct from the ingots, but owing to the fact 
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that the temperature of this second heating can be 
more carefully controlled, they are not so apt to show 
as much variation in grain size. 


e. Pipe, which is manufactured by raising skelp 
to a welding heat, usually shows a structure which is 
rather large grained, while sometimes, owing to its 
being left in the furnace too long, the structure is 
almost identical with that of a casting. This explains 
the brittleness often found in pipe. In addition to 
this, the pipe is sometimes burnt in the furnace. 
Burning is due to the oxygen of the air finding its 
way into the steel, combining with the carbon, and 
destroying the cohesion of the grains. _ ve 


f. Tin plate is usually rolled at low temperatures 
and the growth of the grains on cooling is very slight. 
In the case of heavier sheet, however, sometimes the 
finishing temperature is higher and the grains are 
larger. It is noticeable that in sheets finished com- 
paratively cold, the grains are very much elongated, 
and it is because of this condition of the grains that 
rolled sheets show a very poor ductility when an at- 
tempt is made to bend or seam them in a direction 
parallel to rolling. The object of the black annealing 
of tin plate is to break up the rolling structure and to 
allow the grains to so re-adjust themselves as to do 
away with the weakness in any one direction. The 
ideal annealing would be to bring the plate to a tem- 
perature just above the critical range, hold it for just 
sufficient time to assure the material being thoroughly 
heated through, and then cool moderately slowly from 
the temperature. However, on account of certain dif- 
ficulties such as oxidation, sticking, deterioration of 
equipment, etc., it has been found unsatisfactory to 
anneal at this temperature. -Instead the annealing is 
done at between 1,400 and 1,500 degrees F., and very 
good results are obtained by this annealing. It is 
true, however, that the size of the grains after .an- 
nealing are greatly dependent upon the finishing tem- 
perature in rolling, when the annealing is done this 
lower temperature, and if sheets are finished hot off 
the mills, they will retain the large grains. 


g. Small rounds, such as rods, are rolled from re- 
heated billets, and on account of the high speed of 
present-day continuous mills, the heating of these bil- 
lets is often at very high temperatures, such as 2,100 
degrees F. The result is that on the larger sizes the 
amount of work done is not sufficient to break up the 
large grains and the rods will exhibit a certain brittle- 
ness. In case of high carbon steel, the temperatures 
must be carefully watched, unless the rods are to be 
subjected to subsequent heat-treatment, when any 
overheating can be equalized. 


h. The drawing of wire, which is done cold, re- 
sults in the elongation of the grains, and the more 
reduction, the greater the elongation of the individual 
grains. The amount of reduction in drawing which 
wire will stand depends upon the chemical composi- 
tion of the steel, as well as its physical condition, and 
there is a marked difference between different steels. 
With each draft given the wire, the breaking strength 
of the wire is decreased, due to compression, of the 
grains, while the ductility is decreased, due to the 
stretching of the grains. The elastic iimit of the 
wire also approaches the tensile strength as the 
amount of drafting increases and breakage will occur 
when they are about equal. If care is taken to stop 
the drawing before actual rupture of the wire takes 
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place, it is possible by annealing to bring the con- 
dition of the wire back to normal, and then drawing 


can be re-commenced. By careful ‘manipulation of. 


drawing, and annealing, it is possible to draw steel 
into remarkably small sectioned wire. 


Certain grades of wire are wanted as soft as pos- 
sible without annealing, and so in such cases it is 
necessary to give as light a draft as possible in order 
not to raise the tensile strength nor reduce the duc- 
tility. 


Second: The constitution of the material, or 


namely, the differentiation of the various constituents: 


‘which combine to make up the material. 


Ferrite. 


This we have previously stated is iron minus any 
carbon, but with some other impurities. It is the softest 
constituent of steel, and is always present in the free 
state in steel containing under about .85 per cent car- 
bon. It has a tensile strength of about 47,000 pounds 
per square inch and an elongation figure of about 40 
per cent in two inches. When etched with the usual 
acid reagents it remains white and colorless. 


Pearlite. 


This is the strongest constituent in steel, having 
a tensile of about 125,000 pounds per square inch and 
an elongation figure of about 10 per cent in two 
inches. It is found to exist in all carbon steels when 
in their normal state and the amount of it present is 
dependent upon the percentage of carbon in the steel. 
Steel of .85 to .90 per cent carbon is practically a solid 
mass of pearlite, while in steels of g:eater or less car- 
bon content, the amount of pearlite is proportionately 
less. 


Cementite. 


The properties of iron carbide are not as well 
known as those of ferrite or pearlite, but it is known 
to be extremely hard and brittle. From this it is as- 
sumed that its tenacity was not very great, and results 
have placed its tensile strength at about 5,000 pounds 
per square inch. Cementite is only present in the free 
state in steel containing more than .85 to .90 per cent 


carbon, so that these steels are composed of pearlite | 


and cementite as against the pearlite and ferrite of the 
lower carbon steels. When etched with: acid the 
cementite remains very bright, being unattacked and 
standing in relief. 


Martensite. Troostite and Sorbite. 


These are the three conditions found in steel com- 
mercially hardened. When steel is quenched in water 
from above critical range, the resultant condition is a 
martensitic one. This consists of a solid solution of 
carbon in iron. If the quenching is done in oil, which 
is not as rapid as water in its cooling effect, both mar- 
tensite and troostite are present, the latter being a 
transition period between martensite and _ sorbite. 
When the cooling of steel is so regulated that the for- 
mation of lamellar pearlite is prevented, but is not so 
rapid as to form martensite or troostite, an indistinct 
structure results, this being called sorbite. It is 
stronger, harder and less ductile than lamellar pearlite, 
but softer and more ductile than troostite or marten- 
site. 

Third: 


The presence of foreign inclusions in 
steel. 
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Phospohrous. 

.. As a general rule this element is held in solid so- 
lution in the iron as Fe,P, but sometimes this phos- 
phorous occurs in badly segregated bands, the phos- 
phorous in these bands standing out somewhat like 
cementite after etching. When this condition occurs, 
the steel is made very brittle and when subjected to a 
high heat such as in the welding of pipe, burning first 
seems to take place along these lines. 


Sulphur. 


When it is taken into consideration that the pres- 
ence of twice as much manganese as there is sulphur 
present is sufficient to convert all the sulphur which 
will combine to form iron sulphide (FeS) is practical- 
ly nil in the more common grades of steel. It is this 
FeS which causes red-shortness in steel, due to its 
forming weak membranes around the grains of steel, 
which result in their tearing apart. MuS occurs in 
small individual particles, which become elongated in 
rolling, and unless badly segregated, has little if any, 
harmful effect on the steel. In steel rolled into thin 
sections, such as sheets or tin plate, if much of it is 
present, it does have a haimful effect on account of its 
breaking up the continuity of the steep and causing 
small ruptures when seaming is done. 

Slag. 

{n steel improperly refined, particles of slag are 
often retained in the steel, iron silicate being its most 
common form. It is purely a mechanical and not a 
chemical mixture, and the chief trouble with steel 
having these impurities present is on account of the 
destruction of the continuity and the embrittling ef- 
fect that it exerts on the iron in the steel. Iron oxide 
also is found in improperly refined steel, and its pres- 
ence is also harmful to the ductility of the steel. 

Fourth: Mechanical defects. 

Piping. 

This defect is the result of the contraction of the 
steel from the molten-to the solid state, caused pri- 
marily by the expulsion of the gases from the steel. 
In all ingots there is some piping, the amount being 
dependent upon the temperature of casting, grade of 
steel, method of casting, etc., and the only way in 
which it is possible to entirely rid the steel of this 
defect is by cutting sufficient off the bloom rolled 
from the ingots. This is called “cropping” or “dis- 
card.” <A piped condition of steel can readily be dis- 
cerned and no description of its appearance is 
necessary. 


Seams. 


Seams are of two kinds, principally those at the 
surface, arising from breaks in the ingot, occurring in 
the hlooming mill; and internal seams rolled out from 
bubbles of gases left in the ingots in solidifying. 
Etching will always show them up if present, and 
usually they are readily seen without the microscope. 
Laps. | 

These are purely a rolling defect and are caused 
by some particular set of rolls not giving the proper 
size or shape of section to the steel. This results in 
an over-fill when the steel goes through the next set 
of rolls, and the steel folds over on itself, the succeed- 
ing passes not removing the defect but often tending 


to hide it and making it more difficult to find out 
inspection. 
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The Strength of Side Walls, of Partition Walls and of Bridge 
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Walls—The Strength of Door Arches and of Door Jambs. 
By W. TRINKS. 
PART XXI. 


N THE general run of heating furnaces and of an- 
nealing furnaces, the sidewalls cause very little 
trouble. In some furnaces, however, conditions 

arise which lead to cracking, sagging, burning out or 
collapsing. It will pay to study the most frequently 
occurring troubles. 


In very large walls (i. e.: very tall walls or very 
long walls), the difference in temperature between the 
inside and outside of wall causes a _ considerable 
amount of difference of linear expansion, which has 
two effects. If the expansion of the inner layers can 
stretch the tie-rods, the outler layers crack. No harm 
is done thereby except that the owner of the furnace 
may raise the question whether or not these cracks 
are the beginning of the collapse of the furnace. If, 
on the other hand, the buckstays and tie-rods are 


Fire Grick RedGrick 


Sle el Hook 


Angle Iron 


Fig. 149. 


strong enough to offer considerable resistance to the 
expansion, the tendency of the wall is to buckle into 
the interior of the furnace. Whether or not the inner 
layers will lift off and fall in depends upon the con- 
struction of the wall. If the wall is well bonded to 
the center or the outside, no trouble will arise. If, 
on the other hand, the inner layer is not properly 
bonded, it will peel ofl and fall in. Now, side wall 
construction varies a great deal. We find for instance, 


walls of 9 inches of firebrick, others of 13% inches of ~ 


firebrick, others of 9 inches firebrick and 9 inches of 
red brick, still others of 9 inches of firebrick, 21% 
inches of sil-o-cel and 9 inches of red brick. Still 
others have steel plates or cast iron plates on the out- 
side. Since the buckling effect of walls of long extent 
is restricted by bonding, it stands to reason that the 
thickness of the bonded wall should grow with the ex- 
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tent of the unsupported wall. Right here it should 
be remarked that firebrick and red brick do not bond 
together very well because of. the difference in the 
brick size; the size of firebrick and of silica brick is 9 


x414x2¥ inches, while that of common red brick is — 
814x4x2¥4 inches. The size of pressed brick is again 
different, namely 834x4x2¥% inches. Since in my un- 
supported rectangle, the shorter side determines the 
strength, the shortest side whether it be height or 
length, should be used for determining the thickness 
of the unbonded firebrick wall. Tentatively we may, 
in high temperature furnaces, use 434 inches of fire- 
brick up to 4 feet in length, 9 inches of firebrick up to 
8 feet of length and 13¥% inches of firebrick up to 12 
feet of length. In 1,600 to 1,800 degrees F. furnaces 
these lengths may be exceeded 40 to 50 per cent. 
Greater unsupported lengths occur very seldom, and 
if they do occur, it means either 18 inches of firebrick 


Furnace Interior 


Fig. 151. 


or else an auxiliary support for the wall, for instance, 
by steel hooks, as indicated in Fig. 149. 

If sil-o-cel brick is used for insulation, it must be 
protected on the outside by metal plates or else by 
red brick, because the sil-o-cel brick is very soft and’ 
brittle; besides, the sil-o-cel is, as a rule, used in thin 
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layers (2% or 4% inches) which are not wide enough 
to stand without additional support. 

The peeling off of the inner layer has, up to the 
present time, prevented the use of the only theoretical- 
ly correct design of the side walls and arches for batch 
annaling furnaces. In that type of furnace the latter 


Fig. 152. 


is heated and cooled with the charge and frequently 
absorbs considerably more heat than the charge does. 
which fact, of course, practically doubles the fuel con- 
sumption per pound of annealed material over what it 
would be without this loss. The latter might be avoid- 
ed if we could build the furnace of a material which is 
a perfect heat insulator. Sil-o-cel, while being far 
from that ideal, is the best insulator known, but can- 
not be exposed to flame temperatures. Besides it is 
mechanically weak. Calcined sil-o-cel brick is some- 
what stronger, and should be tried out for this pur- 
pose, if we can find a design in which the calcined 
sil-o-cel is protected by a veneer of firebrick against 
impinging flames. But, as before stated, the problem 
of holding a 1% inch layer of firebrick safely onto a 
vertical wall has not been solved. 

As a rule, sidewalls are held at the top against fall- 
ing inward, because the thrust of the arch presses the 
top of the wall outward against the buckstays. But in 
arches of wide span it is frequently considered safer 
not to rest them on the side walls (particularly if the 
latter are cut up by flues and ports), but to rest them 
on skewbacks which are held by the buckstays, see 
Fig. 150. This construction is safer for the arch, be- 
cause the latter is not affected by heat expansion or 
sagging of the sidewalls, but it is worse for the side 
walls because their tops are no longer protected 
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Fig. 153. 


against falling inward. The top bricks have a tend- 
ency to crawl inward and to loosen the bond. The 
trouble is avoided by corbling the top of the wall back, 
as shown in the illustration. 

In forge furnaces and in reheating furnaces with 
temperatures of 2,100 to 2,300 degrees F., holes in the 
side walls are apt to be troublesome, particularly if 
these holes are flue openings. Fig. 151 illustrates this 
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case. If the furnace is driven hard, the temperature 
of the gases entering the flue is very high. The tile 
T, which spans the flue, then receives convection heat 
from all sides in addition to radiant heat from the 
furnace interior. The same is true of the bricks above 
the tile T. As a rule, hard firing results in softening 
of the tile, particularly if it lies at the bottom of a tall 
wall, and in gradual closing of the flue. This unde- 
sirable outcome can be avoided, if the tile is made of 
a sufficiently refractory material. There are such ma- 
terials in the market, among which “Suprafrax” is 
perhaps the best known. If this material cannot be 
obtained, or if its price is considered too high, any 
other brick made of exceptionally pure fireclay will 
answer. The suitability of brick for exposed places 
can readily be tested by duplicating the conditions in 
a small furnace, as indicated in Fig. 152. Silica brick 
has been repeatedly sug- 
gested for such work, has 
been tried and has been dis- 
carded. Its expansion 1s so 
different from that of fire- 
clay that the two will not 
bond together, but crick 
right off sharply. Further- 
more, silica brick undergoes 
a recrystallization near 
1,200 degrees F. and must 
be heated or cooled with 
extreme slowness through 
its critical range. This re- 
quirement is a burdensome 
restrain to which furnace 
operators will not submit. 
The rate of heating and of 
cooling commonly used in 
heating furnaces results in 
the spalling and breaking 
of the silica brick. 


There is one type of fur- 
nace in which the side walls 
(and the arches and the 
hearths, too) wear out 
rapidly, and that is the high 
temperature drop forge fur- 
nace. It is well known that 
steel can be heated much 
more quickly to a given 
average temperature, if the 
furnace temperature is con- : 
siderably in excess of Fig. 154. 
the final steel temperature. Rapid heating results in 
a great temperature difference between the inside and 
the outside of the steel which is being heated, but 
drop forgers apparently care nothing about such dif- 
ferences. Frequently bars are heated at the rate of 
4 to 7 minutes per inch of diameter, and that means a 
furnace temperature of 3,000 to 2,600 degrees F. 


x 


And furnace temperatures near 3,000 F. mean 
“sweating” or fusing of the refractories. As a matter 
of fact, it is the practice in works carrying these high 
furnace temperatures, to repair the furnaces every 
Sunday. A possible solution lies in making the walls 
so thin that the outer, colder layers by their own me- 
chanical strength, hold up the inner, soft layers. This 
expedient, however, involves tremendous heat losses, 
unless most of the heat is returned to the furnace. In 
an attempt to accomplish the latter feat, I have de- 
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signed a furnace with thin side walls, thin hearth and 
thin roof. Air circulates all around and is preheated 
on its way to the burner. An element of the long, 
winding air path of the side wall construction is 
shown in Fig. 153*. . 


On-the inside of the furnace, heat passes into the 
4¥4 inch wall, from which it enters into a cast iron, 
ribbed shell. The ribs serve three purposes; first, 
they guide the air on its predetermined path; second, 
they transmit heat to the air; third, they hold the 
outer layer of calcined sil-o-cel brick in place. On ac- 
count of the length of the air path, there is a pressure 
drop of several inches of water through the length of 
this path, and the airmust be kept from leaking out. 
Therefore, the sil-o-cel is surrounded with an. air- 
tight steel shell. 

The design in question is heavy and expensive, 
compared to present practice. It appears that at the 
present time there is no inexpensive way of building 
high temperature drop forge furnaces that will last, 
unless a recently published German method will do 
the trick. According to that method, painting the in- 
side of the furnaces with a mixture of 75 per cent 
carborundum sand and 25 per cent of silicate of soda 


considerably increases the durability of furnaces. 


Arches over doors, and~more particularly over 
double doors give trouble altogether too often by fall- 
ing into the furnace. Quite frequently the collapse is 
due to abuse of the furnace, that is the door jambs 
are struck by ingots, blooms or billets which 
are being charged, or else that the door is pulled away 
from the furnace and then is allowed to drop back. 
But aside from such abuse door arches fall in, not 
through any fault of the arches but on account of the 
giving away of their support. The action is illustrat- 
ed by Fig. 154. It occurs more particularly in forge 
furnaces in which a part of the forging projects 
through the door or doors for a cold tong hold, be- 
cause with these furnaces the heater tries to force the 
flame toward the door for the purpose of producing a 
uniform heat over the whole length of the steel being 
heated. Flames wash all around the pier imparting 
heat to it from three sides and causing its temperature 
to rise considerably above that of the straight side- 
walls, see arrows in plan view. The corners A, sec- 
tion lined in the plan view, soften and yield as indi- 
cated in the elevation. The resulting inclination tips 
the door arch and allows it to fall into the furnace. 
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' The solution of the problem lies in making the pier of 


especially refractory firebrick, no matter what the cost 
of such brick may be. In very large furnaces pipes 
can be arranged for the circulation of cooling water as 
indicated in the dotted circles in the plan view of 154. 


Somewhat similar conditions exist in partition 
walls and bridge walls. Partition walls occur in dou- 
ble chambered furnaces and are very common in pit 
furnaces (soaking pits). All of these vertical walls 
receive heat on both sides and have no protection 
from outer, cooler layers such as is afforded in out- 
side walls. Yet partition walls will last for years if 
they are not subjected to a hot, luminous flame. This 
condition is examplified in soaking pits in which 
walls, built of a good quality of firebrick will last for 
over a year, although the temperature of the steel in 
the pits often exceeds 2,300 degrees F. But the 
amount of fuel burnt per square foot of wall surface 
is small. 


Conditions are much worse in connection with 
bridge walls, particularly in coal fired furnaces. 
Bridge walls are necessary to give length of path to 
the flame, before it strikes the material which is being 
heated. They are also necessary for mixing the com- 
bustible gases with the uncombined oxygen. In heat- 
ing furnaces both for rolling mill work and for forge 
work, biidge walls are subiected to hot, luminous 
flames, and to the fluxing action of ash particles which 
are carried along. This statement is true both for 
coal on the grate and for powdered coal. Bridge walls 
are indeed hard to maintain in high temperature fur- 
naces. One of the best expedients consists in intro- 
ducing secondary air through the wall as indicated in 
Fig. 155. Not only is the secondary air preheated, 
but the bricks are cooled and are able to resist the 
cutting action of a flame much better. While cooling 
by secondary ir is auite customary with coal on the 
grate, it is. as far as I know, never used with powdered 
coal. With this latter fuel, bridge walls are used but 
the current of white hot particles must not strike 
them, as explained in part XVII. In that case the 
principal function of the bridge wall is to screen the 
heating chamber from the intense heat of the combus- 
tion chamber. If the stream of powdered coal is di- 
rected against the bridge wall, before combustion is 
complete, burning off is certain. and no skill of design 
will overcome the trouble. Unfortunately, even the 
builders of eauinment for burning powdered coal are 
not at all certain ahout the distance within which 
combustion is complete, and bridge walls erected in 
accordance with their instructions have been burnt 
away in a hurry. 


As far as the mechanical strength of bridge walls 
is concerned, they should be madeé thicker than side 
walls. If the vertical dimension between supports 
exceeds the horizontal one. the thickness may be 1/6 
of the span for 1600 degrees F. furnaces, and 4% of 
the span for 2.200 degrees F. furnaces. 


Tf. on the other hand, the horizontal dimension ex- 
ceeds the vertic>!] dimension between supports, the 
wall must he still thicker. because then the base of the 
wall furnishes the only support in the central section. 
In that case the thickness of the wall is %4 (or even 
60 per cent) of the unsunported height for 2.200 de- 
grees F. furnaces, and 1/3 of that height for 1,600 de- 
grees F. furnaces. ie 


*Patent protection has been secured for this design. 
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Operation of a Modern Gas Producer 


General Description and Rules Pertaining to the Successful 
Operation of a Wellman Gas Producer-Operation of a Turbo 
Blower in Connection With a Gas Producer. 


By H. N. TRUMBULL, 
Wellman-Seaver-Morgan Company. 


T IS the aim of this article to reduce the operation 
J] to a rule of thumb method which will be of assist- 

ance. to the operator or superintendent and may 
_be applied to every day operating conditions met with 
in producer practice. 


Starting the Producer. 


A new producer, before being started, should be 
“dried out several days with small fires. This is a pre- 
caution which, rf properly carried out, will add con- 
siderably to the life of the lining. After the producer 
has been thoroughly dried, all large pieces of wood 
likeiy to cause trouble should be removed and the 
producer filled) with ashes to a depth of at least 12 
inches over the top of the blower. It is best that a 
few large clinkers be placed around the openings of 
the blower to keep them from becoming clogged with 
fine ashes. These ashes are necessary to protect. the 
metal parts of the producer. They also act as a dif- 
fusing medium to distribute the blast over the entire 
fuel bed, thus insuring even combustion. 


To start the producer, it is necessary only to level 
off the ashes, throw in several armfuls of small, dry 
wood, saturate with kerosene, and light with a piece 
of waste. After the wood has burned for a few mo- 
ments, turn on about 10 pounds of blast and blow 
until the wood is well ignited. A small amount of 
coal can then be dumped and the fires be built up 
g-adually. Care should be taken that the coal is not 
fed too fast. Allow a good bed of coke to be formed 
before any attempt: is made toward crowding the op- 
eration of the producer. One should remember that 
it takes several hours to get a producer fire built up 
properly to the point where it is making good gas. 


No special attempt need be made at this point to 
get the fire distributed over the entire fuel bed. It 
will spread itself later and it is usually better to have 
a good fire at one point than several small ones scat- 
tered over a larger area. 

In case it is necessary to stop the producer at any 
time, the blast should be immediately turned off and 
never exceed 10 pounds during this idle period. 


Three Zones. 


The various zones of the producer. are three in 
number. These three are the ash, the incandescent or 
the fire zone, and the green coal zone, this last con- 
sisting of coal which has not received a sufficient 
amount of air to become incandescent. This is also 
termed the distillation zone. The existence of these 
three zones is a point often overlooked in the opera- 
tion of the producer. 


Measuring Fires. 

The usual method of measuring the fires is for the 
foreman to take a rod about five feet long which he 
inserts in one of the poke holes in the producer top 
until he establishes the height of the fuel bed. This 
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method is totally inadequate because no attention is 
given to the depth of the fire zone, the most import- 
ant point of all in the operation of a gas producer. If 
the ash zone is allowed to exceed a reasonable limit, 
say 15 inches, the fire zone is considerably reduced 
and it is impossible to carry the proper depth of fire 
if the ashes are not kept within a reasonable limit. 

This tendency of the ashes to crowd out the fire 
zone makes it possible for the top of the fuel to be at 
the proper height and yet the fire may be so thin that 
the gas will be of exceedingly poor quality. 


The only way the fires can be properly measured 
is to force the rod completely through the fire and al- 
low it to remain long enough to become red hot. After 
the rod has been withdrawn, it is easy to see the part 
which has been in contact with the hottest portion of 
the fire and the part which has been protected by the 
ashes. Knowing the distance to the blower or the 
metal parts of the producer, it is a simple matter to 
tell exactly the depth of the various zones. 


A very convenient rod for this work consists of a 
34-inch gas pipe marked into 2-foot sections by 4- 
inch rivets running through the pipe. Any other 
method of marking may be used which will not be 
destroyed by the action of the fire or interfere with 
the passage of the pipe through the fuel bed. A mark 
is also placed at the height equal to the distance be- 
tween the blower and the producer top. This indi- 
cates the distance the rod should be forced into the 
producer. The rod is forced through the fuel bed 
until the lower end is on a level with the top of the 
blower and allowed to remain there for two or three 
minutes. This is usually all the time necessary for 
the rod to remain in the fire. On being withdrawn. it 
will be noted that there are two parts which show up 
distinctly—one a smoky black extending for several 
feet, and the other a very hot portion usually from 12 
to 24 inches in length. This latter indicates the in- 
candescent zone. Below the lower point of this zone 
and the end of the rod, there is a portion not affected 
by the heat and it should never be less than 6 inches 
and seldom, if ever, exceed 15 inches. 


Between the highest point of the hot portion of 
this rod and the distance determined to the top of the 
fuel, there will be a space of from 6 to 12 inches. This 
is the green coal zone. If the coal is of a tarry nature, 
it is possible that this zone will stand out distinctly 
by a tarry deposit upon the rod which can be readily 
distinguished from the sooty deposit above this sec- 
tion. The sooty deposit of the rod represents the part 
in contact with the gas. 


It is not intended that this method of measuring 
the fires should be employed more than two or three 
times per day, depending upon the number of times 
the fires are cleaned, but this is the only way the ash 
zone and the fire zone can be measured and the 
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amount of ashes that it will be necessary to remove 
be determined. 


If the fires are measured just before the change of 
turns twice a day, it eliminates all chance for the men 
to excuse their own indifference by blaming the other 
shift for trouble which might be of their own making. 


Hot or Cold Gas. 


The green coal zone mentioned in previous para- 
graphs may vary with requirements. If it is intended 
to generate a hot gas, that is gas leaving the pro- 
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when the poke hole cover is removed will be a bluish- 
white and the temperature when leaving the producer 
may be as low as 700 degrees F. This is by far the 
richest and best gas for most purposes. The hot gas- 
usually carries a Btu value per cubic foot of about 150, 
while the cold gas may have a value of 170 to 180 Btu 
per cubic foot. 


Some operators insist that cold gas will not op- 
erate efficiently in open hearth furnaces or other 
places where it is desired to carry a melting tempera- 
ture. This is a matter open to some discussion. 
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Fig. 1—Turbo-blower with gas producer. 


ducer at a temperature of about 1,200 degrees F., the 
coal zone should not be allowed to exceed 6 to 8 
inches. The gas showing when the poke hole cover 
is removed will be a brownish-black and a small pilot 
flame or color cone of about 3 inches in length will 
appear in the center of the escaping gas. If, however, 
it is desired to generate what is termed cold gas, a 
deeper layer of coal must be carried over the incan- 
descent fuel. This may be anywhere from 8 to 15 
inches, depending more especially upon the nature of 
the fuel. Under these conditions the gas appearing 
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There are, however, several open hearth plants in very 
successful operation using cold gas by preference. 


Points of Interest. 


Some coals have a tendency to become soft and 
pasty under the action of the heat in the producer. 
This restricts the passage of the gas and owing‘to the 
fact that the pressure accumulates under the steady 
blast, the gases will seek channels to break through 
the resistance of the fuel bed. These points then be- 
come excessively hot, melting the ashes and other 
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foreign particles in the coal which form the basis of 
clinkers. 


If the coal in use is of this nature, care should be 
taken to see that these channels do not form. This 
can be done by close attention to the stirring and the 
regulation of the blast or it may be necessary to 
change the mixture of the blast increasing the pro- 
portion of steam to the amount of air blown. This 
will lower the temperature of the fire and thus con- 
siderably decrease the tendency for the fires to clinker. 
It should not be carried to the point where the CO, 
content in the gas becomes excessive or the fires are 
so cooled that the carbon in the coal is not properly 
gasified. Either of these items determine a certain 
amount of loss, but the situation should be considered 
as a whole and decision made as to whether the stop- 
page due to clinkering and the extra labor attendant 
to the same are not more than offset for the few per- 
centages of the CO, or a slightly increased amount of 
carbon in the ashes. _ 


Cleaning the Fires. 


It is the usual custom to clean the fires about two 
or three times a day, depending upon the amount of 
coal burned and the percentage of the ash in the coal. 


It is not necessary that the operation of the pro- 
ducer be discontinued during the cleaning period. The 
fire should never be lowered more than 8 to 10 inches 
during one cleaning period. and coal should be dumped 
as during the regular period, although usually in 
smaller amounts. It is better to lower the pressure 
on the blowers 10 or 15 pounds during this period. If 
two or more producers are arranged to operate on the 
same line the other producers should be blown slight- 
ly harder during this interval and if this operation is 
properly carried out, the entire battery of producers 
may be cleaned without the slightest effect noticed in 
the operation of the furnaces. During the cleaning 
period, careful attention should be given to any 
clinker formations, that are likely to appear on the 
side wall. These should be broken loose and the side 
walls kept clean. 


Feeding Coal. 


The proper dumping and distribution of the coal 
charges have a decided bearing upon the conditions 
obtained in producer operation. The coal should be 
dumped in as small quantities as can be conveniently 
arranged and strict attention should be paid to the 
color and appearance of the gas which shows whether 
or not the fuel bed is of the proper thickness. 


Operation of Steam Jet Blower. 


The amount of steam required to blow the pro- 
ducer varies with requirements. If it is necessary to 
crowd the machine more air is needed to burn the in- 
creased amount of coal and as the proporton of steam 
and air must be maintained, it is only necessary to in- 
crease the steam pressure until the proper amount of 
air is delivered. This in no way affects the quality 
of the gas if the fires are kept in the proper condition. 
Gas of just as good quality can be made at 100 pounds 
pressure as at 15 pounds—only the volume will be 
greatly increased and it is possible for the fires to get 


out of order much more quickly. It is hard to set a - 


definite limit upon the amount of steam required but 
as a general thing it is seldom necessary to use more 
than 40 pounds of steam to get the desired results. 
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Operation of Turbo Blower. 


The arrangement of turbo and jet blower in com- 
bination, calls for a slightly different form of manipu- 
lation than for the old simple jet type alone. 


To begin with, it is never intended to operate these 
two systems simultaneously, the only reason for the 
two systems being for the purpose of reliability, pro- 
viding means for operating the producer should a 
accident occur to either of the systems. | 


The amount of moisture mixed with the blast is 
always under control, but care should be taken that 
this is not allowed to become excessive. If the satur- 
ation point is allowed to go over 140 to 145 degrees as 
a usual practice trouble is likely to be encountered by 
the coal being kept so soft that it will crumble to a 
fine powder in the producer, and stop the passage of 
the gas completely. The best results will be obtained 
with careful operation if the fires are kept as near the 
clinkering point as possible, except at the cleaning 
periods when the saturation point can be raised a few 
degrees, and brought back to normal as soon as the 
fires have been cleaned. 


For the operation of the turbo blower in starting a 
producer, the valve plate on the steam jet blower 
marked H in the drawing, Fig. 1, should be complete- 
ly closed. The blast gate G on the blast pipe from 
the blower should be wide open. 


Valves C, D and F should be tightly closed, and 
the valve E should be open. 


All the regulating for the amount of steam to 
either the turbo or the jet blowers, should be done by 
the valve A. This will give the pressure, at which 
the producer is being blown, on the gauge, and under 
no conditions should the valves B or C be used to 
regulate the blowers. 

With valves set according to the above instruc- 
tions the action is as follows: 

The steam from the main line is regulated to the 
turbo by the valve A. The pressure on the producer 
is registered on the steam gauge. After passing the 
valve the steam flows through the turbo and out the 
exhaust pipe through the valve E to the atmosphere. 

Under these conditions no steam is being delivered 
to the producer which is being blown with pure air 
alone. During ordinary operating conditions, with 
this arrangement, the fires would become excessively 
hot and likely to cause clinker trouble, but for start- 
ing a new producer if no steam is injected with the 
air, fires can be brought up to the proper working 
conditions much more quickly than with the old jet 
type of blower. 


After the fires have attained the proper depth and 
the producer is making gas, the valve F should be 
opened and valve FE closed. and during ordinary op- 
erating conditions it should never be necessary for 
these valves to be again disturbed. 


With this arrangement of valves the exhaust steam 
from the turho is mixed with the air going to the 
producer, and the percentage of “steam obtained will 
be registered on the thermometer gauge. 


Usually the amount of exhaust steam is not suf- 
ficient to provide the necessarv moisture which keeps 
the fires properly softened. To obtain this required 
amount it is necessary to use live steam. This is ob- 
tained by means of the valve D. A slight opening of 
this valve will allow the live steam from the main 
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line to pass directly into the exhaust line from the 
turbo and with this arrangement the blast tempera- 
ture can be brought to any point desired. 


If it is desired to operate the jet blower alone the 
valve plate H should be opened. Valves B, D and 
the blast gate G should be closed. Valve C should be 
opened wide and the regulating of the blower done 
from valve H. With this arrangement of valves the 
operation will proceed exactly as for the old jet 
blower. 


Cooling Water. 


In starting a new producer the top plate has a 
tendency to run hot and will usually require about 
all the water that can be applied through the three 
connections furnished. After a few days the top plate 
becomes coated with carbon and the quantity of the 
water can be considerably reduced. The overflow 
from the poker is usually sufficient for all purposes 
and this amounts to approximately 15 to 20 gallons 
per minute. 


If for any cause the water pressure should be lost 
so that no water will flow through the poker, the pro- 
ducer should be immediately shut down and every 
effort made to keep the poker cool by means of an 
emergency line of steam or air. Caution should be 
exercised in starting the water to flowing through the 
system because if a large amount of cold water is 
allowed to strike the poker there is danger of the 
point breaking, making its replacement necessary. 

The life of a poker tip is from six months to a 
year, depending considerably upon the condition in 
which the operator has kept his fires. This tip is a 
separate point screwed into the main barrel of the 
poker while the latter is heated to a cherry red color. 


This method of applying new tips should be used to : 


prevent their working loose under the action of the 
fire. It is good policy to have a spare poker and 
trunnion changed if it is necessary to make a replace- 
ment during the operating period. This operation 
should not require more than 20 minutes. 


Shutting Down. 

In most installations there are periods when the 
furnace is down for repairs. This time should be 
taken to clean out the producer completely. The side 
walls should be cleaned, the blower and blast boxes 
cleaned out and any mechanical part needing atten- 
tion should be repaired. This procedure, if carried 
out, will never amount to a great deal of labor and it 
will be more than repaid by the increased reliability 
of the machine and the success attained in its use. 


Gas Making Conditions in the Producer. 


The quality of producer gas depends upon its 
combustibles. The quantity and character of these 
are affected by the operating conditions within the 
producer. During the ordinary operation a battery of 
Wellman producers in a steel mill, 75 tests were made. 
Briefly stated. the following conclusions were drawn 
from these tests: 


To make a rich gas, high in British thermal units, 
the ashes should be maintained at a height of a foot 
above the blast cover. 

The combustion zone should be confined to a thin 
fire, approximately six to eight inches in thickness. 

The green coal zone in which distillation of hydro- 
carbons (which enrich the gas) occurs should be kept 


Google 


The Blas t Furnace St eel Plant 515 


~ 


from 12 to 18 inches thick. 


Under these conditions the pressure of steam used 
for the blast should be 23 pounds per square inch. 


Such operation produces gas in which a greater 
part of the calorific energy is due to its combustibles, 
rather than to its sensible heat. This ts desirable as 
the heat losses during transmission to the point of 
consumption are less with a cool gas as compared 
with a highly heated gas. 


The rate of gasification was 24.9 pounds of bitu- 
minous coal per square foot of producer cross section 
per hour, or 1.960 pounds per producer per hour, as 
the consumption of gas did not require a higher rate 
at the plant under consideration. 


The pitch of the curves of the diagram, together 
with the heat value of the gas, indicate what results 
will follow a departure from the most favorable oper- 
ating conditions. 


THE MANUFACTURE OF MERCHANT BARS. 
(Continued Irom Page 523.) 


independent motor drive, Nos. 7 and 8 stands being 
driven by a 700 hp motor at 450 rpm and Nos. 9 and 
10 stands and Nos. 11 and 12 stands by 500 hp motors 
at 600 rpm. 


The bar is repeated into all passes from the last 
roughing stand to No. 12 finishing stand. Snap shears 
are provided in front of each of the finishing passes, 
and small snap shears for test pieces are located in the 
runout trough to the cooling bed. The cooling bed, 
460 feet long, is of the Edwards double-escapement 
type. Located at the end of the bed and on each side 
are the bar shears, back shear rabbles and _ scales. 
where the material is sheared to desired lengths and 
weighed before shipping or stocking. When the mill 
is rolling rods, or other material that requires coiling, 
the bar, after leaving the last finishing stand, goes to 
the rod reels, of which there are four, of the Edwards 
type with multiple disk drive and brake. The reels 
are belt driven from the finishing mill. The bundles 
are dumped from reels directly into a muffled con- 
veyor, which delivers them to a bundle carrier 470 
feet long, on which they are carried until cool. Scrap 
shears and a scrap-bundling machine are located near 
the mill end and at the side of the cooling bed, while 
at the south end of the building. near the warehouse, 
is located a roller straightener for straightening 
shapes. Electric current for operating the mill is 
from the same source as 12-inch mill. 


A charging conveyor carries the billets from skids 
in the billet yard to the Morgan continuous heating 
furnaces, from which they are discharged to the rough- 
ing mill by means of a Hawthorne twist push-out. 
The furnaces use coke-oven gas or oil for fuel, the 
gas being piped from the Koppers by-product coke 
plant at East Youngstown. Both the 9-inch and 12- 
inch mills are served from a common billet yard and 
use a common warehouse for stocking purposes. The 
billet yard at the end of the mill is 90 feet wide and 
594 feet long. It is served by one 15-ton double-hook 
crane and two standard-gage tracks for unloading ma- 
terial. The warehouse, at the south end, is 100x396 
feet in size with one 15-ton double-hook crane and 
four depressed tracks for loading material from stock. 
A millwrights’ shop is located within the mill build- 
ing. All sanitary equipment, lockers and wash room 
are centralized. 
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Design of Experimental Rolling Mills 


Description of Details of the Design of the Experimental Mill of 
Bureau of Rolling Mill Research—General Features of the 


Different Types of Mills 


When They Are 


Assembled. 


By W. B. SKINKLE, 
Director, Bureau of Rolling Mill Research. 


PART IV. 


AVING discussed the design of the roll housing at 
some length we can now consider the details of 
the various mills into which this housing may be 

assembled. 


Fig. 24 shows an assembly of this housing when used 
as an 18 inch 3 high bar mill. 


1 


of the middle roll brasses by means of wedges, one at 
the middle to hold the yokes apart and one at the ends 
of each yoke to push them together. Between the wedge 
and the top of the housing is a filler pierce. The func- 
tion of this piece is simply to “kill space” and avoid sharp 
corners on the roll housing thereby avoiding the result- 
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Fig. 24. 


The middle roll is carried on a yoke which transfers 
the load to the bottom of the window. A duplicate cast- 
ing is inverted and transfers the upward thrust of the 
middle roll to the top of the window. 


The yokes are adjusted in order to take up the wear 
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ing high fiber stress. 
The middle roll is held rigidly in place in this manner. 
The top roll is carried in the usual manner and needs 
no explanation. The carrier for the bottom roll rests on 
a screw by two rollers. The support for the wedge is 
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Section on line TT 
Fig. 25. 
-carried on two hydraulic support cylinders which will 


automatically record the load on the roll neck and the 
friction losses resulting from this load. 

Figs 25 and 26 show this construction in greater 
detail. 

Fig. 27 is a diagram of the action of these two 
hydraulic support cylinders. 

Inasmuch as a complete explanatfon of the action of 
these cylinders and the development of the equations has 
already been published in the January, 1920, issue of THE 
Bast FuRNACE AND STEEL PLAnr it will be sufficient to 
repeat only the equations themselves at this time. In 
the following equations let 


P some fraction of the separating force F which 
is transferred to one roll neck. 


R Radius of the roll. 


U The angle whose tangent is the coefficient of 
friction. 


D Distance from centerline of roll neck bearing to 
centerline of hydraulic cylinder. 


d distance from centerline of roll to point of con- - 
tact between neck and bearing. 


N some fraction of P greater than one half 
M Some fraction of P less than one half. 


W tit ide lost in friction per revolution of the 
rolls. 
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It is interesting to note that placing equation 
(4) equal to equation (5), equation (3) will re- 
sult thus (NP + MP) sinu2*R = (NP— MP) 

(NP — MP)227D 
(NP+ MP)27R 
(NP— MP) D 
(NP+ MP)R 

These hydraulic support cylinders are to be used in 
both the mill and pinion housings and will register the 
losses from friction at these points as well as the loads 
on the housings. They will not however record the total 
transmission losses between motor and rolls. The 
measurement of these losses presents a second important 
problem. 

Figs. 28 and 29 show a method by which these losses 
may be obtained. 

When a bloom is being rolled, the heavy pressure be- 
tween steel and roll causes the roll to deflect as shown 


22D from which sin 7 = 


and cancelling the 2 ’s we have sin U = 
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in the exaggerated Fig. 28, placing the maximum bearing 
pressure at or near the inside of the bearing as shown at 


a 


Nl) 


“X” while the pressure is moved out as shown at “Y” 
of Fig. 29 when the roll is running light and is not 


deflected due to the bloom. 
It would therefore. be al- 
most useless to return the 
load to the roll necks by 
means of the housing 
screws or hydraulic cylin- 
ders, unless a means is 
found to deflect the rolls to 
the same elastic curve 
which they had when the 
bloom was being rolled and 
by this means restore the 
same conditions of roll neck 
bearing and lubrication. 
This may be done by in- 
serting two hardened steel 
rings marked “Z” in Fig. 
29 in grooves at each side 
of the pass and then rais- 
ing the pressure in the 
hydraulic support cylinders 
until they record the same 
pressures that existed dur- 
ing the rolling of the bloom. 
The hardened steel rings 
will not elongate or change 
their shape, therefore no 
work will be done on them. 
The coefficient of rolling 
friction on machined sur- 
faces of this kind is very 
low, low enough to be well 


within the allowable percentages of error. The loads on 
the transmission machinery will therefore have been 
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restored except for the network required to roll the 
metal. The readings of the watt meter will record the 


overall losses between switch- 
board and rolls and the differ- 
ence between watt meter read- 
ings when operating in this man- 
ner and when rolling a bloom 
will be the net work required to 
roll the steel. 


In this manner the losses at 
various points may be located 
and analyzed, and comparative 
results when handling the same 
section at the rolls but with 
different bearing metals and 
lubricants, may be secured, and 
they should yield valuable data. 

Fig. 30 shows an assembly of 
the large closed top housing when 
used as a 24 inch balanced 
sheet mill. The top roll balanc- 
ing mechanism may be omitted 
if work as a jump mill is to be 
done or the same housing and 
fillings may be used for cold mill 
work. 

Fig. 31 shows this housing 
when assembled as a 24 inch 3 
high plate mill with a 16 inch 
middle roll. The bearings at the 
top of the housing carry cross 
shafts of the synchronizing 
mechanism for the middle roll 


while cylinders to raise and lower this roll are bolted to 
the shoe plates beside the housing feet. 
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Fig. 32 shows a cross section through the laboratory 
with this mill connected to the drive. 
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Fig. 27. 


The middle roll and its operating mechanism 
may be omitted and the mill assembled with either 
24 inch plate or blooming mill rolls if it is desired 


Fig. 29. 


to operate either of these types of two high revers- 
ing mills. 

Fig. 33 is an assembly of the smaller open top 
housing when used as a 3 high bar mill. All the 
essential features of this mill are similar to the 
larger 3 high mill. 


Fig. 34 shows an assembly of the pinion hous- 
ing using three 16 inch cut herring bone pinions. 
This housing is of the enclosed type and has a 
filler piece 15 inches wide in the center, which is 
bolted to the two housings. If the face of the 
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pinions is to be changed this filler may be widened or 
nade narrower as conditions require. 


The window of the housing is made sufficiently deep 
to permit the assembling of 18 inch pinions, or of. using 
a 24 inch top and bottom pinion with a 16 inch middle 
pinion such as is used in the pinion housings of a great 
many three high plate mills. 


In concluding the description of the experimental 
rolling mull in our next issue, some questions that are 
perplexing to rolling mill engineers at the present time, 
will be briefly outlined, and methods will be shown which 
have been provided for to study and solve these problems. 


One of the most important problems that is to be dis- 
cussed has to do with the power required to drive a 
rolling mill. Another has to do with the actual educa- 
tional advantages offered by the Bureau of Rolling Mill 
Research. 
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Improvements in Handling Ore and Coal 


A General Description of Several Modern Installations for Han- 
dling Steel Plant Heavy Bulk Materials in a Cheaper and More 
Rapid Manner—Description of an Ore Unloader and a Car, Dumper. 


N the past four-years several factors have caused a 
| stimulation of interest among shippers of heavy bulk 

materials in a cheaper and more rapid scheme of han- 
dling such commodities. The manufacturers of apparatus, 
especially the pioneers in this line, started a movement 
in this direction some 20 years ago, and succeeded in 
getting a limited number of plants installed as early as 
1902. The development of plants for handling large ton- 
nage of coal and iron ore was the most obvious necessity 
and it was naturally the first problem attacked on a large 
scale. The necessity for such development centered 
around the Great Lakes region and the pioneer installa- 
tions were put in in this vicinity. The short season of 
navigation from the Minnesota, Wisconsin, and Michigan 
ore fields to the blast furnaces of the lower lakes and the 
Pittsburgh district, require a movement of 12 months 
supply of ore in about seven months. The coal supply 
of the states bordering on the iron ore region was largely 
taken from the lower lakes on the return trip of the ore 
boats. In order to perform this task with the minimum 


Fig. 1—View showing unloader, leg and bucket. The leg is 
so mounted in the walking beam that it can rotate in a 
circle, allowing the bucket to reach out in all directions. 


of equipment and operating costs per ton, it was plainly 
necessary to provide machinery for cheap and rapid dis- 
charge of cargo from ship to dock or railroad and vice 
versa, the length of time the ship was tied up to the dock 
being a vital factor in costs. The result has been a high 
state of development and concentration of bulk cargo 
handling plants in the lakes region. 

In the late nineties the Wellman-Seaver-Morgan Com- 
pany brought out their ore unloader, each machine 
capable of handling ore at from 500 tons per hour up- 
ward. At about the same time the car dumper, for over- 
turning standard railway cars and dumping their con- 
tents, was developed. The latter have been evolved un- 
til at present they will handle 30 dumps per hour and 
upward, some installations handling as much as 3,000 
tons per hour of net material, two cars in tandem. 


Conditions largely due to the European war caused 
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a more general interest to be developed along our coast 


* line in these methods. Prior to our participation in the 


war a few installations had been made on the Atlantic 
coast especially in the line of loading cargo and bunker 
coal. Rising labor costs and necessity of rapid “turn 
around” on the comparatively few vessels available 
brought the issue of improved dock facilities to the fore- 
front. It was a question of time, tonnage capacity over 
a given water front, and cost per ton. All the above 
items in the problem are satisfactorily answered by 
equipment of the type previously mentioned, and what 
was still more vital the item of labor in normal volume 
being unobtainable at any price. 


Two contracts recently secured by Wellman-Seaver- 
Morgan on the Atlantic:coast are interesting at this time. 
A contract with the Lehigh Valley Railroad Company - 
covers an automatic ore unloader carrying a 15 ton clam 
shell bucket on the unloader leg and designed to make 
a complete cycle or round trip in 50 seconds. The ma- 
chine electrically operated throughout is illustrated by 
Fig. 1, accompanying this article. This view together 
with Fig. 2 illustrates the general appearance of similar 
apparatus in action. 


The automatic unloader illustrated is unique in de- 
sign and has proved through many years of service to be 
one of the most successful devices for unloading ore 
cargoes from steamers with suitable hatches that has 
ever been devised. Although of immense proportions, 
the design has been simplified and the control perfected 
to such a point that the machine is the last word in deli- 
cacy of control and operation. 


The unloader consists of a main framework mounted 
on trucks which travel along the runway rails which are 
located approximately as shown in the photograph. The 
main framework extends back beyond the rear runway 
over a temporary storage pile where the ore can be dis- 
charged if desired. It is then picked up by the ore bridge 
and carried to the stock pile. Between the front and rear 
runways, space is provided for railroad tracks where ore 
carrying cars are placed under the machines and loaded 
with ore for transportation to the furnace plants. The 
girders of the main framework form a support for run- 
way rails, on which a trolley travels. This trolley sup- 
ports a balanced walking beam, from the outer end of 
which a stiff bucket leg depends. At the lower end of 
this leg is the bucket, which is operated by machinery 
located on the walking beam. All horizontal movements 
of the bucket are accomplished by means of moving the 
trolley backward and forward on the girders. The ver- 
tical movements of the bucket are accomplished by the 
operation of the walking beam. The forward portion of 
the beam being out of balance, the bucket descends by 
gravity as soon as the brakes of the hoisting mechanism 
are released. 


Two operators are required for the entire operation 
of one of these machines. One of the operators, whose 
station is in the bucket leg directly over the bucket shells, 
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controls all of the motions of raising and lowering the 
bucket, of traveling the trolley back and forth, and mov- 
ing the machine along the dock from one hatch to another. 
The second operator is stationed in a cab on the larry and 
from this station he controls the movements of the larry, 
the operation of the larry gates, and the weighing of the 
ore. 


Some idea of the capacities of unloading by this 
method may be derived from ‘a record which was made 
in Ashtabula by eight machines of this type having a 
capacity of 15 tons each, unloading seven boats having a 
total capacity of 70,000 tons in 22 hours actual time. At 
other points, four machines working in boats having 
capacities up to 13,000 tons have unloaded these cargoes 
in about three hours and 25 minutes. 


In addition to the vertical movement, which is given 
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A contract with the Western Maryland Railroad 
Company at Port Covington, Baltimore, covers a Weilman 
car dumper to handle 100 ton road cars. It is the first 
electrically operated lifting dumper for seaboard coal 
loading to be negotiated. The lifting feature is designed 
to raise the road car high enough before overturning to 
cause the coal to run down the apron and chute into the 
ships hold. Dumping directly to the ship eliminates 
breakage and waste due to rehandling. The entire cargo 
is trimmed without the use of hand labor. 

The machine consists essentially of a rectangular 
framework supporting a rotating cradle in which the 
loaded railroad car is held while discharging. An en- 
tirely automatic counterweight device clamps the car to 
cradle which is inverted by the revolving mechanism, 
carrying the car with it. The top of the cradle forms a 


at 


to the bucket leg by means of the walking beam, it also 
has a motion of rotation around its vertical axis. This 
motion is introduced to enable the machine to reach along 
the keel of the boat and clean up ore between hatches. 
The distance from point to point of bucket shells when 
open is approximately 21 feet. About 97 per cent of the 
ore is removed from the boat without hand labor. 


Records of 50 machines in operation indicate that 
this type of machine will handle ore at 24% to 4% cents 
per ton including all fixed charges, and records of as high 
as 783 tons of ore per hour per machine from tieup to 
castoff of boat have been made. 


The Lehigh ore unloader will be installed at the Clare- 
mont Terminals, New York harbor to handle Chilean 
aml! Cuban ore. A cost of pig iron lower than that based 
on Minnesota ore is predicted due to economies effected. 
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Fig. 2—Unloader used at dock of United States gcd tind gpg at Conneaut, O. Seven similar machines are used 
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chute for directing the material as it flows out. 


This installation will have a nominal capacity of 30 
to 45 cars per hour of cargo and bunker coal, principally 
for export. The coal is delivered to the dumper by the 
Western Maryland Railroad from the West Virginia, 
Virginia and Pennsylvania fields. One million tons will 
be handled annually with a probable increase to twice 
that capacity later. 


These typical plants indicate the essential soundness 
and progress of our basic industries, and the gradual 
elimination of hand labor, which is then diverted to more 
useful and productive work. These plans also indicate 
that beneath the surface froth of labor unrest and busi- 
ness uncertainty of the day, that there is a constant cur- 
rent of accomplishment and confidence. The former are 
merely the phenomena of a business cycle and the latter 
is the foundation of the country. 
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The Manufacture of Merchant Bars 


Description of the Processes and Mill Required in the Production 
of Merchant Bar at the Youngstown Sheet and Tube Company 
Plant, Youngstown, Ohio. 

By A. E. JUPP. 


HE product known as merchant bars is one used 
sf for countless purposes, thousands of articles be- 

ing fabricated from this form of steel. The name 
comes from the fact that these bars were originally 
sold to merchants and by them disposed of to black- 
smiths and other small users. The name has not been 
changed for 250 years, although originally there: was 
little or no steel made in this form, bars being always 
made of iron. 

Our merchant mills began operation in 1917. They 
take billets and small slabs rolled on other mills and 
form them into bars. The operation begins at a tem- 
perature of 2,200 degrees F. 

Some sections and sizes require many _ passes 
through the rolls, others not so many. After the steel 
is rolled to the right size and shape, it passes to cool- 
ing beds, where it is slowly cooled in such a way as to 
prevent warping, and when this is done the bars pass 
on to shears, on which they are inspected,, weighed, 
and loaded on cars 
for shipment. 

We have two 
merchant mills, 
built by the Mor- 
gan Construction 
Company, Worces- 
ter, Mass. The 12- 
inch mill is de- 
signed to take bil- 
lets 13%, to 3%, 
slabs 4x2 to 5x2, 30 
foot lengths, and 
reduce them to fin- 
ished sections of % 
to 2-inch rounds 
and squares, flats 
1% to 4% and 
angles 14%4xl4 to 
3x3. 

The capacity under normal conditions is 10,000 
tons per month of average sections. 


The 12-Inch Mill. 


The 12-inch mill building is 100 feet wide by 1,150 
feet long. One 15-ton single-hook crane serves the 
mill, and one 15-ton double-hook crane is used for 
stock handling. The buildings are of steel construc- 
tion, and with the exception of the billet yard, have 
Pond type roofs, with swinging windows of steel sash 
and operating device. The roughing mill is a five- 
stand continuous train of 14-inch rolls, with an elec- 
trically driven dividing shear placed midway between 
the No. 2 and No. 3 stands. The four-stand 12-inch 
finishing mill is made of two trains arranged in pairs 
of two stands each, placed in a staggered position to 
one side and in front of the roughing mill. These 
roughing and finishing trains are driven by a Nord- 
berg 44x50-inch uniflow engine of the poppet valve 


Taken from Youngstown Sheet and Tube Bulletin. 
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Fig. 1—Twelve-inch merchant mill. 


type, running from 65 to 100 rpm and developing up 
to 2,100 brake hp. 

The cooling bed is 300 feet long, and is of the 
double universal type. Located at the end of the bed, 
and on each side are the roll straighteners of special 
design, having all driving gears mounted in oil-tight 
dust-proof housings, and without gears on the ends of 
the straightener rolls. Beyond the straighteners are 
located the 300-feet long front shear tables, bar shears, 
75 feet back shear tables and scales where the mate- 
rial is sheared to desired lengths and weighed before 
shipping or stocking. A scrap shear is located near 
the mill end at the side of the cooling bed, while at 
the south end of the building in the rear of the back 
shear tables and scales is located a cross roll 
straightener for straightening rounds. 


Electric current for operating the transfer tables, 
cooling bed, etc., is generated at the rod and wire 
power house. All control apparatus for operating the 
motors in this mill 
is concentrated in 
two control houses 


centrally located 
with respect to the 
motors. 


The 9-Inch Mill. 


The 9-inch mill 
was also built by 
the Morgan Con- 
struction Company, 
and is designed to 
take billets of 134x 
134 inches to 2%4x 
2% inch sections, 
in 30-foot lengths, 
and reduce them to 
finished sections of 
11/32 to % inch 
rounds and squares, flats up to 2% inches wide and 
angles up to 114xl1¥% inches, with a capacity under 
normal conditions of 6,000 tons per month of average 
sections. The main 9-inch mill building is 90x1,175 
feet, with a 24x600 foot shipping platform on the 
north side for the storage and shipping bundles. One 
15-ton single-hook crane serves the mill, and one 15- 
ton double-hook crane is used for stock handling. 
The roughing mill is a six-stand continuous train of 
12-inch rolls, with a steam-operated double-knife di- 
viding shear in front of the No. 1 stand and a 30-foot 
side looping table between No. 2 and No. 3 stands, 
the shear and looping table are arranged for operating 
mill either single or double strand. This train is 
driven by a Nordberg 37x48 inch uniflow engine of the 
poppet-valve type, running from 65 to 110 rpm, and 
developing up to 1,500 hp. The six-stand finishing 
mill is made up of three independent sets of two 
stands each, placed in a staggered position to one side 
and in front of the roughing mill. Each set has an 

(Continued on Page 515.) 
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Blast Furnace Gas Used Under Boilers 


Progress Made in Getting Greater Efficiency Out of Blast 
Furnace Gas When Used Under Boilers—Good Efficiencies 
on Old Type Burners. 


By F. J. DENK. 


NTII. a comparatively recent period, progress in 
U burning blast furnace gas economically has been 

slow. One of the reasons for this condition was, 
on account of the low price for coal, it was thought 
hardly worth while to bother about this fuel. But it 
was also believed that hot, dirty blast furnace gas was 
not a good fuel for boilers. Efficiencies of 60 per cent 
were considered an excellent performance, 40 to 50 per 
cent being the rule. The reasons for their conditions 
were due partly to the crude design of the “burners,” 
which, in many cases, were nothing but a piece of pipe 
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with no provisions for gas and air mixture, and party 
to the type of boilers in use at that time. 


The question of right design and type of burners fat 
using blast furnace gas has been treated several times in 
this paper as well as in other magazines, and for this 
reason, this subject will not be dealt with here. The in- 
fluence of construction of the boiler proper has not been 
given much thought in the technical press and it may, 
therefore, be well to illustrate a few points, which tend 
to show how high efficiencies and high overload can be 
obtained, even with blast furnace gas. 


One pass boilers of the Cahall, Wheeler and similar 
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types were used to a large extent. With these boilers, the 
application of modern combustion arrangements will re- 
sult in high efficiencies at rated capacities, with overload, 
however, high efficiencies cannot be obtained with blast 
furnace gas as fuel, for reasons given below. Return 
tubular boilers are not suited for uncleaned gas, because 
the dirt will settle in the fire tubes and efficiencies and 
loads will decrease steadily until, after about one week’s 
operation, the boiler will have to be shut down and 
cleaned. 


Conditions are entirely different with water tube boil- 
ers having more than one pass, ‘and it can be said that, 
all other conditions being equal, the number of passes is 
of great importance on the efficient working of a boiler 
fired with blast furnace gas. 


The flexibility of a modern water tube boiler is very 
great and high efficiencies have been obtained and are 
obtained with such boilers, even when highly overloaded, 
provided the combustion arrangements are uptodate. 
There is, however, a limit to overloading and this limit 
is reached mostly for loads lying between 165 and 180 
per cent of the rated capacity. This limit depends on the 
contents of dust in the gas, which settles on the tubes, 
thus interfering more or less with the transmission of heat 
through the tubes. As soon as it is no longer possible, 
to remove the dust once every turn in an economical way, 
overloading should not be increased any further. 


The efficiencies of boilers, fired with blast furnace 
gas, depend, besides on good combustion arrangements, 
on some conditions which cannot be or are not con- 
trolled under ordinary working conditions. For instance, 
the amount of water vapor in the gas has a considerable 
influence on the efficiency; there may, furtnermore, be a 
varying gas pressure in the line, which may increase or 
decrease the amount of gas available per unit time for 
the boilers. The air excess also influences the efficiency, 
but this latter item can be regulated so as to give good 
results. A certain quantity of excess air is always neces- 
sary, because the mixture of gas and air is hardly ever 
sufficiently intimate, to insure a complete combustion, 
unless there is present an excess of oxygen. For this 
reason the gas should never be burnt with less than be- 
tween 5 and 10 per cent excess of air because the varia- 
tion in the combustion of the gas makes the danger of 
incomplete combustion too great. 


For the reasons stated above it is hardly possible, to 


UNIVERSITY OF CHICAGO 


September, 1920 


calculate exactly the efficiencies for high overload and. 


the corresponding stack temperature. The curves, shown 
in Fig. 1, give the relation between per cent overload, 
boiler efficiency and stack temperature. They have been 
taken from actual tests, made on gas fired standard 3- 
pass Stirling and B. & W. boilers, and have been checked 
theoretically. It can be seen that the efficiency drops 
steadily with increasing overload. As was stated above, 
a limit is reached at about 165 to 180 per cent load, due 
to the contents of dust in the gas. But there is some- 
thing else, which may influence the efficiency. Assum- 
ing a regular working of the blast furnace, the gas 
generated has a certain composition and temperature, and, 
therefore, heat value, and enters the combustion chamber 
with a certain pressure. It may also be assumed, that a 
gas with such qualities is able to generate 140 per cent 
overload with an efficiency of 75 per cent. Now, an in- 
crease in the percentage of the overload can only be 
obtained by increasing the heat units and this, in turn, 
can only be done by increasing the quantity of gas ad- 
mitted into the boiler per time (or any other) unit. 
Therefore, forced draft has to be applied. But, when 
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the quantity of the gases is increased, the velocity, with 
which they go through the passages, will increase, thus 
diminishing the chance for heat transmission. Besides, 
the mixture of gas and air may not be intimate enough 
to produce complete combustion on account of the 
velocity with which the gases are going through the com- 
bustion chamber. The first condition increases the final 
temperature of the stack gases, while the second condi- 
tion causes incomplete combustion; in both cases the 
stack losses are increased and the efficiency of the boiler 
is decreased. The boiler efficiency curve (Fig. 1) would, 
consequently, have the tendency to drop down with a 
higher rate than is shown and would, for instance for 
200 per cent load, approach the 60 per cent mark. 


Increasing the number of baffles, i.e., increasing the 
length of the travel of the gases, will remove the disad- 
vantages, connected with the application of forced draft. 
The longer passageways will allow a more complete heat 
transmission, thus enabling the hot gases to give up all 
the heat, necessary to evaporate the increased amount of 
water. If, then, complete combustion is insured, the 
conditions are such, that high overloads can be carried 
with good efficiencies. - It may thus be possible, under 
favorable conditions, to increase the boiler efficiency for 
double load to 70 per cent. Clean tubes and tight boiler 
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settings form the fundamental base for such favorable 
conditions. i 
Another point which has to be kept in mind, when 
designing boilers for blast furnace gas, is the size of the 
combustion chambers. From tests made for the purpose 
of determining the right length of the combustion cham- 
ber to insure complete combustion it has been. found, 
that the overall efficiency was increased about 11 per cent 
when the combustion chamber was shortened. This is no 
doubt, due to the elimination of eddy currents, which had 
formed in the long chambers, thus giving the gases a 
chance to give up some of the heat, before they reached 
the tubes. The tests were made on standard -B.:& W. 
boilers. ; 
Even with the most uptodate boiler low efficiencies 
may be obtained, when the boiler is not taken care of in 
the right way. But before the subject will be discussed, 
it may be well to mention a few words in regard to the 
difference between using clean gas and raw gas. 


A number of tests have shown, that one advantage 
gained by using clean gas is the uniformity of quality and 
pressure of the gas, due to the blast furnaces being con- | 
connected into one main and the pressure being controlled 
by the gas cleaning plant, thus making it possible to set 
the gas valves at the boilers to burn just the necessary 
volume of gas. There is also a saving in-labor and delay 
in boilers which is due to the practically total absence of 
dust in the washed gas, therefore, dispensing with the 
necessity of stopping the boilers for cleaning out dust, 
which condition cannot be entirely avoided when burning 
rough gas. These advantages, however, are counter- 
valanced, either entirely or at least to a large extent, by 
some disadvantages, connected with the application of 
clean gas. The first one is the loss in sensible heat of 
ihe gas due to washing. Although the opinion has some- 
times been forwarded, that cold, clean gas deserves prefer- 
ence over hot, rough gas, this opinion cannot stand inves- 
tigation. It is true, cold, washed gas will do the same 
work as hot uncleaned gas of the same condition, if used 
in recuperative or regenerative furnaces, but a boiler fur- 
nace is no regenerative furnace and a drop in tempera- 
ture from 450 degrees F. to 100 degrees F., which is 
about the difference between the temperature of raw gas 
and washed gas, will be followed by a drop in the tem- 
perature of combustion. The loss of sensible heat on 
account of washing is, therefore, a net loss which cannot 
be recovered. It is true, when boilers are operated with 
low efficiencies, a gain may be shown when using clean gas. 
The writer has data from a series of tests made to deter- 
mine the difference in efficiency for raw pas and for 
clean gas. In the first case an average of 598 cubic feet 
of gas were required to develop one boiler horsepower, in 
the second an average of 533 cubic feet, or a difference 
of 65 cubic feet. This meant an increase in efficiency 
from about 50 per cent to about 60 per cent. All condi- 
tions at the time, when these tests were made, facilitated 
the gains, but it is very doubtful, that with a modern 
equipment, giving 75 to 80 per cent-efficiency, the results 
could be repeated. It is safe to say, that under modern 
conditions no increase will be shown. A further disad- 
vantage in using clean gas is the increased cost of wash- 
ing apparatus. » 4 


As was stated before, low efficiencies may be obtained 
even with the most uptodate boiler. The causes for such 
conditions are low combustion temperature and the 
human element. Every gas has a certain highest tem- 
perature of combustion, which is obtained when it is dry 
and when it is burned with the: least amount of air 
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required for complete combustion. Excess of air, 
deficiency of air, moisture in the gas will reduce the tem- 
perature of combustion. As blast furnace gas has the 
lowest flame temperature of all industrial gases, viz.: 
about 2,500 degrees F. or somewhat less according to the 
composition, it must be the aim of the engineer in 
charge, to keep his temperature in the furnace as close 
as possible to the theoretical one. From the temperature 
of combustion depends the temperature of the stack gases, 
provided the furnace and boiler are in otherwise good 
condition, because high temperature in the furnace means 
good combustion. Good combustion, in turn, is indicated 
by the amount of CO, in these flue gases and this CO, 
again determines the stack losses. 


Fig. 2 shows the percentage losses through the stack 
gases. The curve is based on an original Co, contents in 
the blast furnace gas of 25 per cent and also on the condi- 
tion, that there are no combustible gases present in the 
flue gases, which increase the stack losses. Supposing, 
for instance, a flue gas contains 23 per cent CO, and no 
CO at a temperature of 500 degrees, when the boiler is 
running at its rated capacity (the figures are taken from 
actual tests); the curve then gives 3.7 per cent loss per 
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100 degrees temperature difference. Assuming 80 de- 
grees from the boiler room temperature, the difference 
is 500 —80 = 420 degrees F. Then, 4.2 & 3.7 = 15.5 
per cent. Assuming, furthermore, a radiation loss of 
about 5 per cent, a total loss of 20.5 per cent will result, 
which gives 79.5 per cent boiler efficiency, i.e., practically 
the same as shown on the curve in Fig. 1 (80 per cent). 
Thus the boiler efficiency can easily be obtained, provided 
good combustion prevails, by simply making a flue gas 
analysis and a temperature determination of the stack 
gases. If CO should be present in the flue gases, this 
would show incomplete combustion, the causes for which 
would have to be removed after careful investigations 
have revealed them. 


Fig. 3 illustrates the corelation between original gas 
temperature and theoretical temperature of combustion 
(Curve A) and between the percentage of excess air and 
the theoretical temperature of combustion (Curves B and 

‘C). Curve A shows how the temperature-of combustion 
increases with the original gas temperature. It is cal- 
culated for dry gas and proves the statement made above, 
that washing gas will decrease the efficiency. We can 
see, that for a temperature of 450 degrees F., which is 
about the temperature of raw gas, the temperature of 
combustion is 2,570 degrees F., while for a gas tempera- 
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ture of 100 degrees F., i.e., the temperature of the washed 


gas, the temperature of combustion is 2,430 degrees F., 


or a drop of 140 degrees F. This can still better be seen 
with Curves B and C. Curve B represents washed gas, 
dry, with a temperature of 100 degrees F. while Curve 
C represents raw gas with a temperature of 450 degrees 
and a moisture content of 40 grains per cubic foot. 
These are about the actual conditions of the two gases. 
We see, that, with 10 per cent excess air, the temperature 
difference is 90 degrees, 2,440 degrees F. for Curve C 
and 2,350 degrees F. for Curve B, which again proves, 
that washing the gas will reduce the temperature of com- 


bustion. Curves B and C also show plainly the influence 


of excess air on the combustion temperature and explain 
partly, why with the old type of boilers efficiencies over 
50 per cent were seldom obtained. The reason was, at 
least to a certain extent, a high excess of air, due to leak- 
age in the boiler settings, frames, etc. Here it is, where 
the human element comes into consideration. With our 
modern burners, which are scientifically designed, good 
results can only be obtained when the men in charge of 
the boilers are conscientious and careful. If the boilers 
are not watched, leaks not closed up, no burner will and 
can work efficiently, no matter, how well it is designed. 
A good prevention of leaks in the setting is a good coat 
of insulating paint, applied to the boiler from time to time. 
The leaks in the door frames or around manholes can 
be closed up with asbestos packing. There is no reason 
for conditions of this kind, which show only carelessness 
and inattendance on the part of the men in charge of the 
boiler plant. 

Good efficiencies can be obtained even with the old 
type Bunsen burners if only efficient men are employed, 
but careless operators can more than offset the work of 
the most efficient burner. It is, therefore, of the utmost 
importance in a boiler plant, and this hokids good not 
only for gas fired boilers, but also for coal fired boilers, 
that only efficient men are employed and that these men 
know that they are watched continuously otherwise the 
efficiency of the boilers will drop down which will result 
in losses of fuel and, therefore, money. 


ORGANIZE SECTION OF WELDING SOCIETY. 


At a meeting of members of the welding trade in 
Chicago, held in the rooms of the Western Society of 
Engineers on Tuesday evening, August 3, a Chicago sec- 
tion of the American Welding Society was organized. 
There were about 75 in attendance, representing railroads 
terminating in Chicago, and local industries. The fol- 
lowing officers and directors were elected: 


Chairman, M. B. Osburn, assistant superintendent, 
Pullman Company, Pullman, IIl.; vice chairman, O. T. 
Nelson, president, General Boilers Company; secretary- 
treasurer, L. B. Mackenzie, president, Welding Engineer, 
608 South Dearborn Street, Chicago. Directors: E. 
Wanamaker, electrical engineer, Rock Island Railroad; 
H. B. Bently, superintendent motive power and machin- - 
ery, Chicago & Northwestern Railroad; Andrew Oliver, 
welding supervisor, Standard Oil Company; W. M. B. 
Brady, commercial engineer, General Electric Company ; 
Iiarold Cook, managing editor, Acetylene Journal; W. A. 
Slack, president, Torchweld Equipment Company; K. R. 
Hare, district manager, Transportation Engineering Com- 
pany; J. M. Jardine, Western Welding & Equipment Co. ; 
W. H. Bleecker, Jr., district manager, Page Steel & Wire 
Co.; Oliver Mitchell, A. F. Mitchell & Son; Walter L. 
senhert, president, Welded Products Company; Don B. 
McCloud, secretary-treasurer, Gas Products Association. 
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Discussion in the Use of Powdered Coal 


Conditions Justifying Its Use—Cost of Installation—Cost of Hand- 
ling—Thermal Efficiency—Combustion—Furnace and Flue Gas : 
Temperatures—Radiant Heat—Non-Combustible Matter—Safety. 

By JOHN E. MUHLFELD. 


HERE is probably no other engineering subject 
| on which has been presented so much data, 

based on speculative and deductive reasoning, 
as that of powdered coal; and the time has now ar- 
rived when such information—including much mis- 
information—should be supplanted by conclusions 
based on specific knowledge gained from the results 
of actual practice. 


The facts that about one-half of the earth’s known 
coal resources—or over three and one-half trillion 
tons—lie in the United States, and that this country 
annually mines about 40 per cent of the world’s coal 
production, give evidence that we will depend largely 
upon its use for power, heat, and light for many years 
to come. Therefore, any method that can be devised 
to utilize this fuel of the present and the future in a 
way that will better provide for the necessities, health, 
and comfort of human life—and at the same time in a 
more effective and economical manner—is deserving 
of every consideration, particularly now that its aver- 
age quality is decreasing and the cost of its produc- 
tion and distribution is increasing annually. 


Ask any man behind the furnace, whether it be 
for steam generation or metallurgical or chemical 
heating purposes, whether he prefers a fuel of equiv- 
alent heat value that can be burned in suspension— 
that is, gas or oil—or one that can be burned on 
grates or in retorts—that is, coal, coke. lignite, or 
wood—and, if he has had experience with both, he 
will invariably be in favor of the former. For this 
opinion there are many good, practical reasons which. 
regardless of the important factor of conservation, 
fully justify the use of solid carbonaceous fuel in 
powdered form. 


However, so much has been presented on the sub- 
ject of powdered coal in the way of glittering gen- 
erality, unsupported by. authenticated records, that 
self-protection compels the statement that the burn- 
ing of solid fuels in susnension is not yet the solution 
of every combustion difficulty. My personal experi- 
ence during the past 25 years with the use of gaseous, 
liquid, colloidal, and powdered and lumpy solid fuels 
for stationary, locomotive, and marine boiler and 
heating furnaces leads me to present, at this time, the 
following conclusions: 

1. Decision regarding the substitution of pow- 
dered anthracite, bituminous coal, lignite, or peat for 
“ny other fuel should be reserved until a careful. un- 
hiased, expert analysis has heen made of the comnara- 
tive costs. This analysis should include installation, 
interest, depreciation, taxes, insurance, operating and 
upkeep expenses, from the source of fuel supply to the 
stack. 


2. No system of powdered fuel drying, milling, 


Abstract from paper presented by Mr. Muhflfeld. vice 
nresident, Railway and Industrial Engineers. Inc., New York, 
hefore June meeting of Engineers’ Society of Western 
Pennsylvania. 
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storage, distribution, feeding, or burning should be 
considered for a permanent installation unless it pro- 
vides for the prime necessities of proper fuel prepara- 
tion and handling correct firing and furnace design, 
and satisfactory operation; and unless it has demon- 
strated, in actual operation, its adaptability, prac- 
ticability, safety, efficiency, and economy with the 
fuel to be used, for the kind of service required. 


Conditions Justifying the Use of Powdered Coal. 

In general, the factors justifying the serious con- 
sideration of the use of powdered coal may be stated 
as follows: 

1. Daily consumption of 80 tons, or more, of 
average commercial coal, or other solid fuel equiv- 
alent, from one preparation plant. 

2. Necessity for greater output from existing 
equipment. 

3. Available supply of cheap low-grade fuel. 


4. Special operating requirements, such as irregu- 
lar and peak loads; exacting character (neutral, oxi- 
dizing, or reducing), length of direction of flame; and 
excessive banking and standby periods. 

5. Advisability of reducing the human element 
factor, particularly as relating to arduous non-pro- 
ductive labor. | 

6. Desirability of minimizing fuel and labor, both 
of which are expensive. 

7. Expensive ash-handling, and boiler and fur- 
nace upkeep. 

8. Necessity for reduction of smoke, soot, sparks, 
and cinders. 

9. Available gaseous, liquid, or solid fuels for use 
in the same furnaces in combination or independently. 


It is of interest to note the comparative purchas- 
ing power of one cent with various fuels based on 
their heat values at the furnace. This comparison 1s 
presented below: 


Powdered Bituminous Coal. 


Bie pér pound: oy.weey setae esau eee tw 12,000 
IEG: SPOR bOI ieee iain poate tree Kes eins osetenn’ 24,000,000 
Cost per ton (including handling, pulverizing, and 
transmission to furnace ..........-.ee cece eres $5.50 
Bit’ {or cone Cent -aeeecnisa ee sews epalds taeies® 43,636 
- Natural Gas 
Btu: (per sctbie: f00b- s.4 pre-ceveweiee se ada etes 960 
Btir-per 1.000: cubic: feet: 0 c.ctase deseo estes cos 960,000 
Cost per 1,000 cubic feet ........... ee eee eee ee $0.25 
ti for “One Cent: .aceesGiceseteues conse eese seuees 38,400 
Producer Gas. 
Bt per cubic tOOt~ alse ce hua ache Ceas whew aetee 130 
Producer efficiency, per cent ..............00eeee 78 
KOSb Of *COal. cesaesayeee ween seaereuews eves $4.95 
COsE Ol Ta DOr sc tue hoe aaia lye 0.65 
Cost of power ...... Bed teks danke Maneater lt » 0.40 $6.00 
Btu available in gas from one ton of coal (12,000 
Btu per pound of coal) ................00005 18,720,000 
Bt tor ONG CEN ac aeiwiadas Vanek ha keene eas 31,200 
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Fuel Oil. 

Btu per pouiid: scd coos ak eR ened 19,000 
Pounds “per @allom, saucevee cael ey pete wae nes ote 7.3 
Bt Gere allol- ig sata cca ee Oise sedin ak he ears S 
Cost per pallon. scse.a skies Sen be een eb ae She F 
Btw: for One Cent 4.454615 aetna amaceatoumatntastes 14,411 

In view of the foregoing, the equivalent fuel cost 
values are as follows: . 

Powdered coal at $15.56 per ton equals oil at 9 
cents per gallon. 

Powdered coal at $7.65 per ton equals coal for pro- 
ducer gas at $4.95 per ton. 

Powdered coal at $6.25 per ton equals natural gas 
at 25 cents per 1,000 cubic feet. 

Coal for producer gas at $10 per ton equals oil at 
9 cents per gallon. 

Coal for producer gas .at $3.83 per ton equals 
natural gas at 25 cents per 1,000 cubic feet. 


Practical operating results at a power plant using 
both powdered coal and fuel oil have proved that the 
increased efficiency from powdered coal—probably 
due to the radiant effect of the ash in suspension in a 
boiler furnace—is sufficient to offset the actual in- 
creased ‘cost of pulverizing, handling, and firing of 
solid fuel as compared with the cost of firing fuel oil. 
Thus the comparative cost can be considered on a 
‘Btu basis, irrespective of the amount and character of 
the ash, which, in the ordinary practice of firing. 
makes it difficult to maintain combustion, and which 
decreases so largely the overall efficiency of the com- 
bined furnace and boiler. 


Take a specific instance, with run-of-mine bitu- 
minous coal of about 12,500 Btu content per pound, 
costing $3.75 per ton, and fuel oil of about 19,000 Btu 
content per pound, costing 90 cents per barrel, both 
‘delivered alongside the power plant. The heat value 
purchased per dollar would be 6,666,666 Btu for coal, 
and 6,561,333 Btu for fuel oil, and the net operating 
result, in terms of cost for steam produced shows a 
slight difference in favor of the powdered coal. 


Cost of Installation. 


Until the world war, the United States had been 
particularly fortunate by reason of its readily accessi- 
ble deposits of thick-vein, high grade anthracite and 
bituminous coal. This coal could be mined with rela- 
tively low cost for labor and could be distributed to 
consumers at the lowest transportation cost in the 
-world. However, with the annual depletion of the 
thick-vein coal, the higher cost for propping, haulage, 
pumping, lighting, ventilation, and powder used in 
mining, the advancing labor wage scale, and the 
necessarily increased freight rate, the item of fuel 
- cost has increased from two to three times its former 
value and has become a proportionately increased 
percentage in the operating costs of railroads, public 
utilities, and industries. During the same period that 
fuel costs have increased so enormously, interest rates 
have increased only from an average of 5 to 7, or 
‘about 40 per cent. 


Therefore, an installation and annual fixed charge 
cost, that would have been prohibitive a few years 
ago, for converting equipment to the use of powdered 
coal, is, through the large operating savings now pos- 
sible, made not only permissible but in many cases a 
necessity, if protection is to be afforded to the trans- 
portation and industrial corporations that are at pres- 
‘ent and will be in the future affected by high fuel 
costs. 


Google 


September, 1920 


Cost of Handling and Preparing Coal. 

The plant required, the investment and fixed 
charges, and the expense of preparing a ton of coal, 
preparatory to burning it in powdered form, have 
been the principal factors in retarding its more gen- 
eral use for steam generation and heating furnace 
purposes. 

From the appendix, the following items have been 
taken: 

Powdered 

No. Item coal 


71. Total cost of preparation, per ton 5 
prepared: «cco acs lene ied $0.3325 $0.009 


83. Total cost of handling in distribut- 


Stoker 


ing system per ton ............ 0.0440 0.0494 
OY. Total cost of boiler firing, per ton 
PGE 5 iy eek eee eee an Been s 0.5376 0.7933 


100. Total cost of preparing, distribut- 


ing, and firing coal, per net ton 09141 0.8517 


The foregoing figures include the cost for fixed 
charges, power, maintenance, lubricants and labor re- 
quired for handling a ton of coal from alongside the 
plant to the stack and the disposal of its ash. When 
all these factors are included, the difference between 
the cost per ton for preparing and putting either— 
the powdered and stoker fired coal—through the fur- 
nace, is not as great as is generally supposed. Furth- 
ermore, considerable reduction can be made in the 
present cost and complexity of the preparing plant 
and distributing equipment for powdere® fuel. Much 
of that now sold and used is most extravagant in the 
cost for maintenance as well as in the use of power 
for its operation. 


Then, too, the determination for each kind of fuel 
used, as to the proper dryness and fineness required 
for the best overall results, is an important prepara- 
tion cost factor that has received too little careful 
analysis. Very frequently it has been found that ex- 
tremely fine grinding is unnecessary, and that little 
or no mechanical drying is required for satisfactory 
results. This depends, of course, upon the character 
of the fuel and of the conveying, feeding, and burning 
equipment used. For example, I know of a steel plant 
near Pittsburgh where the coal is conveyed direct to 
an air separation type of pulverizer and, without me- 
chanical drying, is very successfully used in re-heating 
and stationary boiler furnaces. 


Thermal Efficiency. 


The value of “combined efficiency,” which is gen- 
erally used as a basis for comparing the performance 
of different methods of firing furnaces, is somewhat 
questionable unless all conditions are known and un- 
derstood and accompanied by the “heat balance.” For 
example, a 98 per cent furnace efficiency in combina- 
tion with a tea kettle, which due to design and con- 
ditions could not absorb the heat offered to it, would 
produce a very poor “combined efficiency” as com- 
pared with an 85 per cent furnace efficiency in com- 
bination with a first class boiler. 


There is no question but that, with certain pow- 
dered coal equipment and boiler furnace combinations, 
from 98 to 99 per cent of the combustible fired is re- 
duced to CO,. To secure the absorption of the heat 
so generated by the boiler, however, is something out- 
side the province of the combustion engineer. With 
various types of steam generators there has been no 
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difficulty in keeping from one to five boilers operat- 
ing continuously for from 24 to 96 hours, at from 125 
to 200 per cent ratings; combined efficiencies of from 
78 to_85 per cent, gross; and from 75 to 81 per cent, 
net; this difference between the gross and net being 
due to a reduction on account of the evaporation from 
boilers necessary to provide power for crushing, han- 
dling, drying, pulverizing, and firing the powdered 
coal. 


Combustion. 


It is a relatively easy matter to prepare and burn 
powdered fuel, but the erroneous idea that an ordi- 
nary furnace, equipped with a common blast or in- 
duction inlet into which fuel can be fed as a prede- 
termined admixture of air and fuel or by a piece of 
yas pipe fitted with a feed screw, will produce a 
proper degree of capacity, efficiency and economy. 
has resulted in many otherwise avoidable failures and 
delays. 


The justification for burning solid fuel in powdered 
form is that when reduced to the proper dryness and 
fineness for its character, and handled in a manner to 
prevent the re-absorption of any considerable mois- 
ture, it will produce a quick chemical reaction or com- 
bustion when passed, in suspension, through a rcla- 
tively high-temperature furnace zone containing free 
oxygen; and will not be affected by any lack of tem- 
perature transfer through the fuel particles, or by in- 
tervenin$ non-combustible between the combustible 
and the free oxygen. 


Therefore, to burn powdered coal effectively, all 
necessary air must be supplied to the combustion 
zone, progressively, by induction. This is to enable 
the expansive action of the gases in that zone, result- 
ing from the great affinity between the carbon or car- 
bonaceous gases at high temperatures to set up a 
circulatory motion and enable each particle of com- 
hustible to come into intimate contact with the 
requisite oxygen for complete chemical reaction, the 
gases displacing surplus air and more or less auto- 
matically regulating the supply of oxygen. When air 
is forced into the combustion zone under pressure, it 
must necessarily be in predetermined quantities in 
relation to the Btu in the fuel supply (if complete, 
efficient combustion is to take place) and such regu- 
lation is practically impossible. 


The process of chemical reaction having been 
completed, such combination of air control and flame 
travel must then be provided as will insure proper 
control of the temperature as well as the conversion 
of the highly radiant liquid non-combustible to low- 
temperature dry particles. This is effected bv passing 
through a neutral air zone, for absorption of heat and 
to prevent the reduction of ferric sulphide to ferrous 
sulphide. This latter reduction is the direct cause for 
the formation of honeycomb as well as troublesome 
molten slag. 


Frequent reference is made to the high CO. ob- 
tainable with powdered fuel firing, whereas it is a 
well known and accepted fact that the percentage of 
CO, in the gases is only indirectly a measure of ftr- 
nace efficiency. Furthermore, when the average CO. 
at the stack goes beyond 15 to 16 per cent, dependent 
non the character of the fuel, trouble from molten 
slag commences. 


Powdered fuel undoubtedly offers the best means 
of getting high furnace efficiency from low-grade 
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fuels. Those of high volatile content, when grate or 
retort fired at any but low rates, always lose a large 
proportion of the gaseous combustible to the stack, 
unconsumed. This is due to the considerable volume 
liberated, and the impossibility of proper mixing over 
the fire—such as is obtainable with powdered fuel. 
Likewise, fuels of low volatile content, when burned 
in powdered form, can be made to produce excellent 
results through regenerative action, with proper fur- 
nace design. 

Again, with all low-grade coals and lignites, it is 
practically impossible to burn them in a lumpy form 
and maintain combustion conditions over any con- 
siderable period of time; or to maintain a fire-bed of 
equal thickness without clinker or air holes. As fuel 
burned on grates or in retorts is a combination of a 
gas-producer and a gas-burning chamber, much of the 
heat of the high-temperature non-combustible is lost 
hy the heat-absorbing surfaces, due to its being car- 
ried away into the ashpit, etc. 


Furnace and Flue-Gas Temperatures. 


Temperature, as the result of combustion, is af- 
fected by excess oxygen, excess nitrogen, and time. 
While these three elements are all factors which enter 
into the control of furnace temperatures, none of them 
has any material effect on any particular loss of the 
useful heat available for work, when regulated to 
control temperature. 


The refractory which is essential for primary com- 
bustion and regenerative action in a furnace for burn- 
ing powdered fuel, is the limiting factor as regards 
the obtainable and permissible temperatures. In ordi- 
nary heating furnaces, where the exposed heat-ab- 
sorbing surfaces are relatively small, there is no dif- 
ficulty in producing and regulating temperatures of 
from 3,100 to 3,200 degrees F. In locomotive-type 
boiler fire-boxes, where a large area of heat-absorbing 
surface is exposed to combustion, temperatures of 
from 2.600 to 2,800 degrees F. are easily regulated and 
maintained. 


However, to control these temperatures properly, 
and produce efficient results with powdered fuel, re- 
quires not only proper furnace design and equipment, 
but also certain arrangements for fuel feed, burner, 
primary and secondary air supply, and draft. With 
these, it is a relatively easy matter to maintain a uni- 
form temperature of the desired degree for any period 
of service, or to increase or decrease it within the 
working range at will. ; 


With respect to flue gas temperatures, these are 
eenerally no higher than for other fuels and methods 
of burning. This is due largely to the fact that pow- 
dered fuel requires less excess air for complete com- 
bustion. Therefore, the products of combustion have 
a higher heat value per cubic foot of furnace volume, 
with the result that less gas must be conveyed to and 
through the heat absorbing surfaces to produce a 
given heat result. This permits of a deduction in the 
velocity of the gases from the furnace to the stack, 
“nd the absorption of a greater amount of heat from 
these gases. 


Under certain conditions, where flue-gas tempera- 
tures from powdered fuel may be higher than from 
coal burned on grates or in retorts, due consideration 
should be given to the fact that these gases carry in 
suspension impalpable particles of ash that have a 
higher specific heat value than the gas itself. These 
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ash particles act as an effective medium for the trans- 
fer of heat. They increase the Btu value of each 
cubic foot of gas passing through the furnace or steam 
generator to the stack; whereas, in stoker practice 
they pass from the fire chamber to the ashpit, where 
the heat is entirely lost. 


Radiant Heat. 


When solid fuels are burned on grates or in re- 
torts, the radiant heat is at a minimum and the con- 
vection heat is at a maximum; whereas, when the 
same fuel is burned in powdered form, this condition 
is reversed. 

Efficiency of heat transfer through boiler-plates 
and tubes is materially greater with a radiant heat 
than with a convection heat, this increase being from 
20 to 25 per cent as applying to those portions of the 
heating surfaces directly affected by the incandescent, 
non-combustible particles which have passed through 
the minimum distance. 


In a powdered fuel flame, the impalpable ash offers 
a medium by which the heat of combustion is con- 
verted into radiant energy, whereas, in a stoker in- 
‘stallation the mass of the combustion gases, although 
having the necessary temperature, has no medium 
other than the refractory material in the walls of the 
furnace, through which to become radiant. 


Heat radiates in straight lines, and, from observa- 
tions taken for furnaces burning powdered coal, in- 
tense white flame occurs not only below the first row 
of tubes but well into the tube bank. From this it is 
apparent that the radiant effect of the incandescent 
impalpable ash particles is obtained by fully one-half 
of the total heat-absorbent surface of the first pass of 
the boiler, as compared with the radiant heat effect of 
a much lesser degree which is obtained by only the 
lower half of the first row of tubes exposed to the fire 
bed of a stoker installation. Hence it may be con- 
cluded that with the results of combustion identical, 
as regards furnace and exit gas analyses and tem- 
peratures, the efficiency of the boiler fired with pow- 
dered fuel will be substantially greater, due to the 
more effective transfer of radiant heat. 


Non-Combustible Matter. 


Exclusive of moisture, commercial steam coals 
contain from 5 to 25 per cent of impurities. whicn 
means that out of every ton of 2,000 pounds, from 100 
to 500 pounds has practically no heat value and is 
further.detrimental. 


For all practical purposes, the eight principal im- 
purities that occur in coal may be generalized as 
follows: 

Percentage of 


Material total impurities 
Silica. d-o444n2 wae reese ne oa erars 25 to 55 
PI UININA. Moret ts execs wlsasen es 15 to 35 
PLEO! stern cates kee nee sacs 10 to 30 
SulpHUE 24.40 ae eda oo aS trace to 5 
CAlGiITe asses 2cd hokaeeek cod ores trace to 5 
Potassigni: 2hieseiecsed oneeiegea trace to 3 
Sod “cones oe. ered eed ieee trace to 2 
MagneSittm 45 si yb. dcace eseawwess trace to 2 


These impurities come from three sources—vege- 
table material; clay, sand, or shale; and extraneous 
substances—and combine to form a mechanical mix- 
ture of silicates, oxides and sulphates. With the ex- 
ception of sulphur, which is an undesirable element 
and occurs as iron pyrites or calcium sulphate, all are 
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non-combustible. In general, the silica, alumina, and 
magnesium content will tend to decrease, while the 
iron, calcium, potassium, and sodium content will tend 
to increase the fusibility of the impurities in the coal. 


The clinkering and honeycombing of the impuri- 
ties in coal is one of the most destructive results of 
combustion where fuel is burned on metal surfaces, 
and its formation may be either chemical or by ad- 
hesion or fusion of particles of ash and combustible 
into slag. Roughly, each 1 per cent of impurities 
causes a decrease of from 0.5 to 1 per cent in com- 
bustion efficiency, and from 1 to 1.5 per cent in boiler 
capacity. As practically all the oxygen disappears at 
a few inches above the grate, this applies particularly 
where agitation of the fued bed mechanically mixes 
the impurities with the combustible and converts the 
former into the more fusible ferrous silicates, with re- 
sultant clinkering and honeycombing. 


The tendency of coal to clinker varies almost di- 
rectly with the content of iron pyrites and inversely 
with the ash content. When the ash is low in relation 
to the sulphur content, clinkering is usually extremely 
bad unless a cooling process, or a counteracting agent 
such as limestone, is applied to the grates to prevent 
fusing of the clinker thereto. The pyrites, which is 
the principal slag-forming material in coal, when re- 
duced to ferrous sulphide passes into a molten state at 
about 2,150 degrees F. and in combination with the 
ash forms layers of solid clinker on top of the grates, 
and stops the passage of the air. The result is that 
the grates become overheated and cause the clinker to 
melt and flow through the grate openings. This re- 
sults not only in clogging and warping the grates, but 
also in their corrosion and destruction, due to the 
sulphur combining with the overheated metal. 

While the sulphur itself has little to do with the 
fusibility of the ash, the iron, combined with a part 
of the sulphur, does. In general, the greater the per- 
centage of iron the more fusible the slag. Further- 
more, fused ferrous sulphide fluxes aluminum silicate 
and also causes clinker. 


With the grates clinkered, there is sufficient air 
for complete combustion, with the result that ferrous 
oxide is formed and unites with the silica to form 
honeycomb which becomes very fusible at tempera- 
tures over 2,400 degrees F., and will tend to adhere to 
those portions of the boiler metal and furnace refrac- 
tories where the temperature is highest. 


Thus we find that—due, primarily, to lack of air 
supply through the metal work on which the fuel bed 
is placed—we have the cause of both clinker and 
honeycomb in the production of ferrous sulphide and 
ferrous oxide, respectively, which, in turn, have a most 
destructive effect not only on the metal work which is 
responsible for the restricted air supply, but on the 
refractory surfaces as well. 


When coal is properly prepared and burned in 
powdered form, the usual difficulties resulting from 
clinker are eliminated as there are no grates or retorts 
on which it can accumulate, and it cannot interfere 
with the air supply requisite for combustion. How- 
ever, with coal that contains certain intrinsic com- 
binations of ferrous silicates which fuse at relatively 
low temperatures (2,000 to 2,300 degrees F.) honev- 
comb formation will result unless the proper fuel, air. 
and draft regulations obtain to convert the ferrous 
sulphide into ferric oxide which is the result of com- 
plete combustion and requires 50 per cent more oxy- 
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gen or dry air to produce than ferrous oxide. For 
this process an oxidizing atmosphere must at all times 
obtain in the combustion chamber in order to prevent 
the reduction of ferric sulphide to ferrous sulphide 
and, as the burning of fuel in suspension is not de- 
pendent upon air supply through openings that are 
liable to become clogged, this can easily be provided. 


One important factor that is frequently overlooked 
with powdered coal installations is the necessity for 
equipping all furnaces and boilers with effective 
means for blowing out the fine ash that frequently 
accumulates on top of the various surfaces. Unless 
provision is made for this important detail, much 
otherwise avoidable difficulty is bound to occur with 
fuel running high in impurities. 


Refractories. 


Where powdered fuel is used, too much import- 
ance cannot be placed on the kind of refractory and 
the arrangement of the heat-absorbing and radiating 
walls of furnaces for the purpose of flame and radiant 
heat propagation, in order to prevent the brick from 
becoming porous, fluxing away, or scouring out by 
the corrisive ash or erosive flame. 


As to the refractory itself—which must resist the 
destructive agencies of temperature, slag, load, 
abrasion, corrosion, and eutectic action—this should 
preferably be a pressed rather than a hand-molded 
product, of a dense medium-ground quality that will 
stand up under a temperature of 3,100 degrees F. It 
should be properly made to insure against cracking, 
warping, spalling, crushing, and slag penetration. 
Such brick when properly laid up with the least pos- 
sible fire-clay or cement, will, under the conditions 
obtainable with the better class of powdered fuel 
equipment, last almost indefinitely with minor period- 
ical renewals. 


Another important point, too frequently over- 
looked, is to equip and operate such furnaces so that 
the ash and clinker can be cleaned out of the furnace 
regularly and thoroughly. 


Last, but not least, no powdered fuel furnace 
should be forced to the point where the temperature 
of combustion cannot all be quickly absorbed or re- 
moved from the combustion chamber, as would occur 
from inadequate or obstructed gas passages to the 
atmosphere. Much refractory has been ruined bv this 
deficiency and the blame placed on the powdered fuel, 
which was in no way at fault. 


Upkeep. 
The cost for the upkeep of a powdered coal in- 


stallation is one that repeatedly comes up when a 
comparison is made with stoker firing. 


From the Appendix the following items have been 
taken, and, of course, are included in the figures al- 
ready given under the cost of handling and preparing 
coal: 


Powdered 
No. Item coal Stoker 
68. Cost of maintenance of preparation 
plant, per ton prepared ...... $0.0400 $0.00 
%0. Cost of maintenance of distribut- 
ing system, per ton handled... 0.0025 0.04 
95. Cost of maintenance of boiler 
equipment, per ton fired ...... 0.0200 0.14 
“7. Cost of furnace repairs, per ton 
PE gests B OO ia ar et Aes eee 0.0400 0.03 
Total cost of upkeep ............. $0.1025 $0.21 


Anyone who has had experience with grate and 
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retort stokers will know of the large number of repair 
parts that must be carried in stock, of the maintenance 
charges for renewal of castings and forgings inside of 
the combustion zone, and of the damage to the re- 
fractories in side and bridge walls at the line of the 
fuel bed, on account of forced blast, ash and clinker 
—all of which, with the consequent delays in service, 
are eliminated with powdered coal. 


Human Element. 


At no time more than during the past three years 
have we learned the result of individual effort ineffec- 
tively, inadequately and unintelligently applied. On 
the railroads, and in other industries using heat for 
steam generation and for industrial purposes, the un- 
controllable human factor has had its most serious 
effect on the domestic and commercial fuel supply of 
the world. This was due largely to the existing 
methods of firing, combustion, and ash-handling, re- 
quiring the use of large labor forces at arduous and 
non-productive work. 


To show what powdered fuel can do to relieve this 
situation, it is only necessary to cite an instance near 
your city where the conversion of two continuous 
billet-heating furnaces from hand-fired to powdered 
coal, reduced the total number of workmen, per 24 
hour period, from 36 to 7; and reduced the fuel con- 
sumption from about 450 to 160 pounds of coal per ton 
of metal heated, with a production of about 150 tons 
per furnace, per turn. While this may be a striking 
example, it is indicative of what can be accomplished 
in labor and fuel saving through the use of automatic 
mechanical methods for the production of heat from 
solid fuels. 


Cleanliness. 


The discomfort and economic loss due to smoke, 
sparks, and ashes justify due consideration of any 
method of relief. This is especially true when the im- 
provements will justify their cost hv increasing ca- 
pacity, reducing labor, and minimizing the wastes 
and nuisances caused by incomplete combustion. 

Sufficient evidence of the effectiveness of pow- 
dered fuel is now available in various towns and cities 
where the results from this method, as compared with 
stoker and hand firing of coal on grates, and with 
fuel oil, can be demonstrated. 


Safety. 

During the early use of powdered fuel a number of 
fires and explosions occurred, due invariahly to the 
use of hazardous methods or to failure to observe the 
proper instructions. 

As has been the case with all mediums for the 
production or concentration of greater heat and 
power, there is in the use of powdered fnel a certain 
element of danger which does not exist with the more 
ineffective coarse. solid fuels: but, with existing 
eaninment and regulations for the use of nowdered 
fuel. it is a comnarativelv easv matter to avoid trouble 
from spontaneous combustion, fires, or explosions. 


Enrror’s Note—Prof. F. J. Denk has arranged to 
contribute each month an article for the power section 
of Tre Brast Furnace AND Steet Prant. He will 
base his articles on practical data obtained from various 
installations made in boiler houses of steel plants. These 
articles should prove excentionally interesting as the 
power question is a large problem to steel plants just now. 
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MODERN SHOP LIGHTING. 
O. F. Haas, 


Engineering Department, National Lamp Works of 
General Electric Company. 


Reduction of accidents is accomplished by two general 
methods; first, using mechanical safeguards to the extent 
that accidents cannot readily happen regardless of what the 
‘individual may or may not do; second, improving conditions 
so as to make them more favorable for prompt response on 
the part of the physiological senses, making it easier for the 
individual to know instantly when danger threatens. It is 
fortunate that one of the most important of our senses, sight, 
is One whose acuteness we can improve when necessary by 
an external agency—adequate and proper illumination. 

A well known insurance company is responsible for the 
statement that the number of fatalities resulting from slip- 
ping, tripping, and falling exceeds the combined total of 
fatalities due to auotmobile, street cars, and fires, and also 
that the yearly casualties in this country traceable to poor 
lighting exceed the yearly casualties from all causes of the 
American army during the recent war—over 250,000 a year. 
In their survey of 91,000 industrial accidents, they find 24 
per cent were due in whole or in part to insufficient or 
faulty lighting. 

Lighting for production and lighting for safety are closely 
related subjects. The man in a poorly lighted shop will 
automatically move more slowly and more cautiously about 
his work and the mere fact that he is continually on his 
guard will undoubtedly show up at end of the day in the 
amount of work he has accomplished. In Chicago, four tests 
of the relation of light to production have recently been 
. made that have aroused the greatest interest because of the 
care in which they were conducted and the conclusiveness of 
their results. These tests were directed by the lighting com- 
mittee of the Commonwealth Edison Company and show 
gains of from 10 to 35 per cent in production simply by rais- 
ing the standard of illumination. 


One who has not given proper thought to the require- 
ments is likely to believe that to obtain good lighting it is 
only necessary to experiment with lights of various sizes 
until sufficient light is obtain to permit close discrimination 
of the objects lighted, but the solution of the lighting prob- 
lem involves not only the size of the lamp, but the type of 
reflecting equipment, and location of the light source as well. 
Good lighting practice calls for the fulfillment of these re- 
quirements. 


1. Light of suitable quality. 
2. Light from the proper direction. 
3. Light of the correct intensity. 


A discussion of the quality of light leads to a consider- 
ation of glare. Glare has been rather loosely defined as 
“light out of place.” It has been more fully defined, how- 
ever, as any brightness within the line of vision of such char- 
acter as to cause discomfort, annoyance, interference with 
vision, or eye fatigue. It is one of the faults most com- 
monly found in all lighting installations, and is one reason 
why shopmen think they have enough or even too much 
light when they may actually be suffering from a Jack of it. 
Glare is minimized or eliminated by shading the light source, 
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surrounding it with a diffusing surface, or by reducing the 
contrast between the light source and its background. 


Another form of glare which is often less obvious than 
that which comes direct to the eye but which is frequently 
more harmful because of its insidious nature is that which 
comes to the eye as a reflection of the light source from 
some polished surface. This form of glare, known as specu- 
lar reflection is frequently encountered where the work is 
with glossy paper, polished metal or furniture, or other shiny 
surfaces, and is particularly harmful because of the fact that 
the eye is often held to such surfaces for long periods of 
time, and while the glare may not be sufficiently annoying 
to cause immediate discomfort it may, nevetheless, in time 
produce eye fatigue and possibly permanent injury. Specu- 
lar reflection can be minimized or eliminated by reducing 
the brightness of the light source, or by locating the light 
source in such a position with respect to the work that 
specularly reflected light will be thrown away from rather 
than toward the eyes of the operator. 


In regard to the color of light, except for special cases in 
which colors are to be determined in their true daylight 
values, artificial light, within the range in which daylight 
varies in quality, will be found generally satisfactory. 


The second requisite for good lighting is light from the 
proper direction, and this requisite naturally entails a con- 
sideration of shadows. Shadows may be troublesome if they 
are so dark that it becomes difficult to distinguish between 
shadows and objects, or if the illumination in the shadows is 
insufficient for good vision. A maximum degree of shadows 
results in the case of direct lighting system using clear lamps 
in open reflectors of small area; a minimum in that of totally 
indirect lighting. In industrial work, where it is generally 
necessary to view objects in their three dimensions, shadows 
are an aid to vision in that the surfaces can be more easily 
distinguished than when they are all lighted to the same in- 
tensity. With few exceptions, soft, luminous, shadows only 
are desirable in interior lighting, while those having sharp 
edges or a series of sharp edges are objectionable. With 
general (overhead) lighting shadows from the work or fixed 
objects can be reduced by placing the units high and close 
together. 

The third requisite for good lighting is light of the cor- 
rect intensity. F 

In the matter of light quantity, a wide divergence of 
Opinion exists as to what constitutes proper lighting in- 
tensities for specific applications. At very low intensities the 
eye does not receive sufficient light to enable it to dis- 
tinguish color or detail, and at very high values a blinding 
effect also obliterating detail is experienced. The human eye 
will accommodate itself to a wide range of illumination, from 
a fraction of a foot-candle to the 5000 foot-candles or more 
corresponding to the illumination outdoors on a sunny day. 
Consideration of economy usually limits the intensities em- 
ployed in artificial lighting, however, to the lower values ot 
this range. Tables have been worked out and published 
showing the intensities considered sufficient for various in- 
dustries, and the different operations carried on in these 
industries. These values are constantly changing as experi- 
ence proves a change desirable. 

Continued on Page 534. 
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FRENCH AUTOMOBILE MANUFACTURERS TO IN- 
VESTIGATE AMERICAN MARKET. 


A report from Paris says that French firms are consider- 
ing the United States as a market for their cars. Pierre 
Bassett, representative of the Syndicat Francais des Con- 
Structeurs d’Automobiles, will leave France shortly to in- 
vestigate conditions here and on the basis of his report will 
map out their sales campaign. 


Due to the French exchange situation and the low cost of 
freight spacé on ships returning to the United States, Mr. 
Bassett expects to place French trucks on sale here at prices 
which will compare favorably with local prices. Moreover, 
many of the large French concerns have developed con- 
siderable technique in fast construction. Their appeal will 
be directed toward customers in this country who are will- 
ing to pay the higher price for “something different.” 


PEAK IN SHEFFIELD IRON PRICES REACHED. 
Consul Wiiiiam J. Grace, Sheffield, England, June 30, 1920. 


The conditions in the steel trade at Sheffield are not so 
favorable as they were some months ago. Offers in England 
and on the Continent of large tonnage of semi-steel bars and 
plates from the United States at prices below the British 
quotations has had a depressing effect. It is reported that 
a good quantity of orders has been given to United States 
manufacturers. This competition and some cancellations of 
foreign orders have weakened somewhat the position of 
British makers. It is said the premiums on basis prices asked 
here have been modified. The tendency of costs is, however, 
in an upward direction. In finished steel there is a decrease 
in inquiries and new business, and while makers have suf- 
ficient orders to keep them busy for the remainder of this 
year the prospects for the new year are not bright. 


There is a great scarcity of all descriptions of pig iron. 
West coast hematite costs about £16 ($77.86 at normal ex- 
change) per ton delivered to local stations. Foundry iron is 
about £13 10s. ($65.70) per ton and in extreme cases £14 
(68.13). Makers of finished iron can dispose of their out- 
put as fast as they can make deliveries. It is reported that 
several iron and steel contracts have been accepted without 
the clause which protects the seller against increased costs. 
This would indicate that the apex of prices has been reached. 


PEKING TO HAVE BLAST FURNACE. 


Preliminary work has been begun, and material is now on 
the way from the United States for a 250-ton capacity blast 
furnace which, it is stated, will form the first unit of a 
modern steel mill that wil make Peking the Pittsburgh of 
China. A group of Chinese officials and substantial business 
men, headed by General W. S. Y. Tinge, managing director 
of the Peking-Hankow railway, has been formed to carry 
through the undertaking. The site chosen is about 10 miles 
west of Peking on the Yangting river, where the ‘consulting 
engineer, Lawrence J. O’Loughlin, of the New York firm of 
C. P. Perin and S. M. Marshall, found ample water supply 
just about midway between the points north and south of 
the railway line from which the furnace will be supplied 
with its coke and iron. 
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Mr. O’Loughlin left recently for New York, having com- 
pleted his part of the work. American engineers will super- 
intend the construction and direct the plant after it goes 
into blast. The blowing-engines, boilers, pumps, etc., were 
ordered in the United States some time ago to plans and 
specifications prepared by the well-known New York engi- 
neer. The estimate for the first unit is understood to be 
slightly more than $3,000. It is expected that General Tinge 
will take personal charge of this important new Chinese in- 
dustry, resigning his directorship of the Kin-Han railway so 
as to be free to give all his attention to the future steel mill. 


In conversation with a representative of the Far Eastern 
Review, Mr. O’Loughlin spoke very pleasantly of his ex- 
periences at Peking. He has great faith in the possibilities 
of Peking as a Chinese steel center and he praises the prac- 
tical sense of the Chinese business man.—Far Eastern 
Review. 


SURVEY OF IRON AND STEEL TRADE OF DUTCH 
EAST INDIES. 


Trade Commissioner JoHN A. Fow er, Batavia, Java. 


A survey of the iron and steel trade of the Dutch East 
Indies shows that trade conditions in that colony were nor- 
mal in 1913, prices were low, and much new construction 
was under way. In 1917 the prices, according to the Ameri- 
can market, had touched a point 260 per cent above the high 
point of 1913. After the beginning of the war construction 
in Java dropped to the minimum of necessity and plans for 
development have since been held in abeyance. In 1918 
there was an increase in the imports as shown by the quan- 
tities recorded. In that year the United States supplied a 
large percentage of the total and Australia appeared for the 
first time as an important factor in this trade. 


Rails and Fittings. 

The imports of rails, fishplates, and plates for cars into 
the Dutch East Indies for the years 1913, 1917, and 1918 are 
shown below. Values, in guilders (1 guilder = $0.402), are 
given for 1913, as no quantities were stated in the official 
customs returns for that year, and accurate estimates can- 
not be made. The figures of value serve only to show the 
percentage of origin of the trade by countries. The Nether- - 
lands is credited with 85 per cent of the trade, but it is safe 


to say that a very large proportion of these imports origi- 


nated in Germany. Quantities are given in metric tons (1 
metric ton = 2,204.6 pounds) for 1917 and 1918: 


1913 1917 1918 
Metric Metric 

Countries Guilders == =tons ° tons 
United States i.cc.chaccets. seasanns 6,036 7,828 
Netherlands .............. 5,612,587 1,017 58 
Great Britain ............ 107,961 19 3 
Germany .........00.e000 131,403 maloe bfece 
Beleitim: s4:54:0c00 des wasecces 679,816 barat sa tees 
AUUISTPAlIA: Sdawtwsiwieeuees “Giscewes sae 1,214 
Singapore ...........0085- 11,349 134 6 
JAD aN: Sink tiisvon een Kee ewes Bis 165 
All other countries ...... 1,095 1 aces 
DOtal Saku sie dete RA 6,544,211 7,207 9,274 
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-INGOT PRODUCTION FALLS 

The steel ingot production in the United States in July, 
as reported by the American Iron and Steel Institute, was 
2,802,818 gross tons for 30 companies which made about §5 
per cent of the steel ingot output for 1919. This total is con- 
siderably less than that for the same companies in June, the 
figures for that month being 2,980,690 tons. The falling off 
was relatively greater than that in pig iron production. If 
the remaining 15 per cent produced at a rate corresponding 
to that of the 85 per cent, the total output of the country in 
July was 3,297,433 tons, or 126,824 tons a day, counting 26 
operating days. On a like basis the total output of the 
country in June was 3,549,440 tons, or 136,478 tons per day, 
nearly 10000 tons per day more than in July. 


The figures below from the monthly reports of the Amer- 
ican Iron and Steel Institute show the distribution as between 
Bessemer and open hearth steel ingots. Statistics were not 
gathered in September, the first month of the steel strike, 
or in the three months following. The Iroa and Steel In- 
stitute’s statistics of the past year are referred to in its re- 
ports as being from companies producing 84.03 per cent of 
the total output in 1918. The July statistics just brought out 
change the basis of comparison, the 30 companies making 
reports being referred to as producers of “about 85 per cent 
of the steel ingot production in 1919.” ° 


Monthly Production of Steel Ingots by 30 Companies Which 
Produced About 85 Per Cent of Total in 1919—Gross Tons. 


Open All 
hearth Bessemer other Total 

January, 1919 ..... 2,351,153 749,346 7,279 3,107,778 
February .......... 2,043,635 655,206 5,842 2,704,683 
March ............. 2,100,528 555,332 6,405 2,662,265 
Motil? \neuvenitar wees 1,732,447 500,770 6,494 2,239,711 

AY wea a eeses 1,506, 414,392 8,617 1,929,024 
JUNED 655065545500 1,692,257 521,634 5,328 2,219,219 
July satckisée cerene sane 1,875.630 625,246 2,508,176 
AMSUSE: foe eaia ee. 988,651 748,212 9,218 2,746,081 
January, 1920 ...... 2,242,758 714,657 10,687 2.968.102 
February .......... 2,152,1 (00,151 12,867 2,865,124 
March ............. 2,487 245 795,164 16, 3,299,049 
PDC Sec ysleecie tenes 2,056,336 568952 13,017 2,638,305 
Mays cvcacie chain ce 2,251,544 615,932 15, 2,883,164 
JUNE og vent eein 2287,273 675.954 17,463  2,980.690 
July ..........e0:+- 2,135,633 653,888 13,297 2,802,818 


The production of steel ingots in the first half of 1920 was 
at the rate of about 42,000,000 tons per year. The July rate 
represents but little over 39,000,000 tons per year. 


CURRENT PERIODICITY IN THE UNITED STATES. 


An amalysis of 60 of the large electrical power systems in 
the United States shows that 49 generate 60-cycle, 6 generate 
25-cycle, 4 generate 60 and 25-cycle, and 1 generates 50-cycle 
alternating current. There are approximately 4,750,000 kilo- 
volt-amperes of 60 cycle, 1,250,000 kilovolt-amperes of 25-cycle, 
and 160,000 kilovolt-amperes of 50-cycle generating capacity 
installed on these systems. If we are going to standardize 
on a frequency, says Power, New York, why not take 60- 
cycles, since this system predominates to such a large de- 
gree, and 1s probably better suited to general power require- 
ments than any other? 
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MODERN SHOP LIGHTING. 


Continued from page 532. 


Until very recently it was practically impossible for a 
shop manager or superjntendent to determine the amount of 
illumination he had in his factory. The foot-candle meter 
which has recently been put on the market is an inexpensive, 
reliable, and simple instrument which may be used for check- 
ing up the intensities obtaining. 

The intensities found may then be compared with pub- 
lished data showing the desirable intensity for the specific 
class of work. 


There has been in the past, and there is even at present a 
various assortment of reflectors employed in industrial light- 
ing. However, porcelain enameled steel reflectors, because 
of their mechanical strength, the permanence of their re- 
flecting surface even under unfavorable atmospheric con- 
ditions, their moderate cost, and the ease with which they 
can be kept clean, have become the most generally employed 
Their design has recently been 
highly developed. 

The porcelain enameled steel reflectors in common use 
in the past and today may be divided into three general 
classes. The flat reflector is, in general, inefficient and glar- 
ing, its use for any interior lighting should be most emphati- 
cally discouraged. 

The bowl reflector protects the eye in part from the direct 
glare of the filament, but, for many purposes it is not the 
best unit obtainable as regards efficiency, reflected glare, 
shadows, and the illumination of vertical surfaces. 


The dome reflector; which falls in a class between the 


flat and bowl type, is, in general, superior to either, and it is 


by far the most widely used reflector in industrial lighting 
today. When equipped with a lamp, the bowl of which has 
been made diffusing by frosting or some other method, this 
reflector combines reasonable eye protection with a large 
source of light, soft shadows, moderate specular reflection, . 
and good vertical illumination. 


However, the usual angle of cut-off for dome reflectors is 
10 to 13 degrees below the horizontal and investigation has 
shown that the results can be markedly improved by mak- 
ing the reflector deeper so as to have the angle of cut-off 15 
to 20 degrees below the horizontal. The reflector and lamp 
manufacturers recognizing the shortcomings of existing in- 
dustrial reflectors have designed a standard line which best 
serves the industrial lighting field. The purpose ‘of this 
standardization is to contribute toward better industrial 
lighting by establishing high standards of quality and per- 
formance for metal reflectors and to assist in simplifying the 
selection of proper reflecting equipment.. This new design 
virtually combines the advantages of the older dome and 
bowl types. The new reflector is known as the RLM (Re- 
flector and Lamp Manufacturers’) Standard Dome. The spe- 
cifications covering this design provide: (a) A durable and 
highly efficient reflecting surface.. (b) A contour of re- 
flector which will insure an effective lighting distribution. 
(c) A diameter and depth for each size which will produce 
adequate diffusion of light, and a sufficient screening of the 
source to minimize glare. 
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MECHANICAL RUBBER GOODS FOR THE BLAST 
FURNACE, 


There are not a great many uses for belting, hose or 
packing in connection with the blast furnace. Where these 
are required, they should be furnished of such material and 
so constructed that they will give the longest possible life 
at 100 per cent efficiency. For instance, hot stove door pack- 
ing that has to be replaced frequently is an expensive ma- 
terial to use. 


The United States Rubber Company, mechanical goods 
division, have perfected a hot stove door packing that has 
proven most economical and efficient. This is, also, true of 
their hot blast valve packing and Vanda sheet has also 
proven very efficient for Peek-hole Gaskets. 


As to the water hose, used around a blast furnace, some 
concerns feel that an ordinary piece of hose, frequently re- 
plaeed, is a- better proposition than a high-grade hose, prop- 
erly constructed and covered to give long life and the United 
States Rubber Company advise that they believe the higher 
grade hose provides a factor of safety and at the same time 
results in more economical operation. 


THE MONO SYSTEM. 


The unique characteristic of the Mono system lies in the 
commercially new feature (at least in America of getting a 
continuous record of combustible gases (CO-CHs) as well 
as CO, leaving a furnace with other products of combustion, 
where CO; has heretofore been the only one recorded for 
the purpose of controlling boiler and other furnaces. 

Many systems involving tables and curves have been de- 
veloped whereby it was thought to make possible the at- 
tainment of maximum efficiency in combustion on the basis 
of a CO: record only. 


PUMPS ARE STARTED. 


By the use of electrically operated valves, the pumps sup- 
plying water for domestic and fire purposes at the U. S. 


Fig. |—Dean valve control floor stands and control sta- 
tions in the reservoir pump house, U. S. Nitrates 
Plant No. 2. 


Nitrates Plant No. 2, Muscle Shoals, Ala., may all be con- 
nected in tandem for meeting emergencies by the throw of 


Digitized by ( 50K gle 


single switch without any other 


operation necessary. The clos- 
ing of the switch causes the 
Dean control units, with which 
each valve is equipped, to 
change the valves so the do- 
mestic supply pumps are put in 
tandem with the fire pumps. 


Another advantage is obtained 
by connecting the motors of 
the Dean control units, which 
operate the discharge valves of 
the fire pumps, to the electric 
pump control system, so that 
as the pumps start up the dis- 
charge valves are automatically 
opened. : 

The pumping equipment con- 
sists of four 18-inch high speed 
Fig. 2—Floor stand with centrifugal pumps and six other 


cose ae ons pumps ranging in size from 5 


top. Pilot lamps indi- ‘o 8 inches. The pumps are of 
cate whether the valve the single stage type capable of 


is open or closed. delivering against a head of 150 
feet, and are driven by ac 

motors. On the intake and discharge of each of the larger 
pumps are fitted Rensselaer inside screw bronze mounted 
iron body gate valves with extension stems projecting up 
through floor stands in the 
pump room, as shown in the 
illustration. The valves vary in 
size from 12 to 24 inches in 
diameter, and are controlled by 
individual control stations 
mounted on the wall. These 
control stations provide inde- 
pendent means for controlling 
each of the valves. Mounted 
on the floor stands are stand- 
ard E-1l, 110-volt direct current 
Dean control units, which open 
flon is a fully enclosed and close the valves in conjunc- 
reversing switch, pro- tion with the starting and stop- 
vided with a lock. In ping of the pumps, and which 
emergency cases, it can are provided for hand operation 
be operated by breaking (f the valves in case of an 


the glass cover and un- 
latching the switch. emergency. 


Fig. 3—The control sta- 


NEW CO. EQUIPMENT. 


Uehling Instrument Company, 71 Broadway, New York, 
has just issued bulletin No. 111, describing Style U Uehling 


-COz equipment. This is a new design built in single and 


multiple forms, the latter serving. any number of steam 
boilers simuitaneously, up to a total of six. The purpose of 
this equipment is to save fuel by burning it with the proper 
air supply. Among the notable features of the new ma- 
chine are speedy action, resulting from a new form of 
aspirator, absence of chemical solutions, greater simplicity 
and the unique plan of providing an auxiliary boiler front 
COs, indicator. 
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H. A. ANDRESEN RETURNS FROM WORLD TOUR. 


Herbert A. Andresen, president of the National Iron and 
Steel Publishing Company, which publishes Tue Buasr 
FuRNACE AND STEEL PLANT, THE AMERICAN Drop Forcer and 
THE Coa, INpustRY, accom- 
panied by his wife, has re- 
turned from a world tour, 
with valuable engineering 
and commercial information 
concerning every important 
country in the world. 

Imbued with the idea of 
creating for his engineering 
publications an international 
contact and with a desire to 
assist American interests in 
foreign lands, Mr. Andresen 
started on his tour imme- 
diately after the signing of 
the armistice. 


After a thorough tour of 
the United States he em- 
barked upon his mission; sail- 
ing westward, he visited the 
Hawaiian Islands, Japan, 
China, Philippine Islands, 
Australia, New Zealand, Straits Settlement, Malay States, India, 
Arabia, Egypt, Turkey, Greece, Serbia, Italy, France, Germany, 
Holland, Belgium and England. 

Mr. Andresen has personally appointed capable and prac- 
tical correspondents in each country visited and he believes 
that the greatest opportunity ever presented to America is 
in cultivating the prolific markets of the Orient. 


H. A. ANDRESEN. 


M. A. Green, formerly superintendent of agencies and 
branches of the Crucible Steel Company, has been made secre- 
tary and general manager of the C. D. Pruden Cerporation with 
headquarters at Baltimore. 

Vv 

J. Lester Mauthe has resigned his pesition as assistant super- 

intendent of blast furnaces at Gary, Ill., te beceme superintendent 


viatizea ty (GOOgle 


of blast furnaces at the Lorain plant of the National Tube 
Company. 
vo 
J. A. Gibboney has been promoted to assistant millwright 
general at the Youngstown plant of the Youngstown Sheet & 
Tube Co. 
Vv 
J. B. Faulds has been appointed general master mechanic of 
the Brier Hill Steel Company at Youngstown, O. Mr. Faulds 
was formerly assistant millwright general for the Youngstown 
Sheet & Tube Co. 
Vv 


John Eaton has been promoted to the position of efficiency 
engineer at the Brier Hill Steel Company, Youngstown, O. 


Vv 


Joe Bracken, formerly mill recorder on No. 1 blooming mill, 
and James Murphy, shipper at the Morgan billet mill, have been 
appointed foremen on No. 3 blooming mill at Jones & Laughlin’s 
South Side plant. 

Vv 

Edward Harmon has been appointed to succeed F. C. 
Laughran as superintendent of the bloom yard at Jones & Laugh- 
lin’s South Side plant. 

Vv 

C. K. Southard has been promoted to the position of chief 
engineer of the C. D. Pruden Corporation, Baltimore, a subsid- 
iary of the Blaw-Knox Co. 

¥ ¥ 

Evans Jones has become manager of the Harrisburg plant 
of the Lalance & Grosjean Manufacturing Co. Mr. Jones was 
formerly superintendent of the sheet and jobbing mills of the 
Bethlehem Steel Company at Sparrows Point, Maryland. 

Viv 

Fred C. Moses, formerly designing engineer of the Bethlehem 
Steel Company, Bethlehem, Pa., has been appointed assistant 
mechanical engineer for the Aluminum Company of America, 
Pittsburgh, Pa. | . 

Vv : 7 

J. E. Cook, formerly superintendent of the finishing mills of 
the Eastern Rolling Mill Company, Baltimore, has been made 
assistant to the general superintendent, C. A.*Pennock. 
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D. H. McDougall, president of the Novia Scotia Steel & Coal 
Co., has been elected a director of the Dominion Steel Corpora- 
tion. ¥ ¥ 

Frank Purnell has been elected vice president of the Con- 
solidated Steel Corporation, 165 Broadway, New York, to suc- 
ceed H. H. Barbour, who recently resigned to become vice presi- 
dent of the Lackawanna Steel Company. The change was effective 
August 1. Mr. Purnell, who long has been well known in the 
steel industry, served directly under Mr. Barbour practically since 
the formation of the Consolidated Company. A. Van Winkle 
was elected secretary of the Consolidated Company, effective 
August 1, and C. L. Hayes was appointed comptroller and assist- 
ant secretary. 

Mr.:Purnell formerly was employed by the Youngstown Sheet 
& Tube Co., in its Youngstown offices and when the war broke 
out he went to Washington with the organization of the War 
Industries Board, being assistant to J. Leonard Replogle, then 
director of steel supply. He made a fine record, and after the 
armistice and the dissolution of the board, he went to the New 
York offices of the Consolidated Company. 

yy ¥ 

F. P. Moran, who has been superintendent of the Coke plant 
for Brier Hill Steel Company has been made superintendent of 
the Western Reserve Works of the same company at Warren, O. 
Mr. Moran will be succeeded at the coke plant by G. T. Wil- 
liams, formerly assistant superintendent. 

Vv 

Nelson A. Zeiger has joined the engineering department, 
Buckeye Steel Casting Company, Columbus, having resigned his 
position with the Eastman Kodak Company, Rochester. 

Vv 

The Carpenter Steel Company, Reading, Pa., announces the 
election of Fred A. Bigelow as president, succeeding W. B. 
Kunhardt, who becomes chairman of the board of directors. 
He was graduated from Worchester Polytechnic Institute in 1891 
and was employed by Spaulding & Jennings Co. (later part of 
the Crucible Steel Company of America) as chemist in 1892. In 
1900 he was sent to Providence, R. I., as manager of the Provi- 
dence warehouse and territory for the Crucible Steel Company 
of America. He entered the employ of the Carpenter Steel 


Company in 1904 as New England salesman and in 1910 trans- 


ferred to the Cleveland warehouse as Western sales manager. In 
May, 1915, he was transferred to Reading as general sales man- 


ager. 
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J. Leonard Replogle, president Vanadium Corportion of 
America sailed for Europe on the Mauretania, July 1, for a 10 
weeks stay in the interest of the Replogle Steel Company and 
the Vanadium Company. The purpose of his trip is to figure 
on some large contracts. 


Vv. Vv 


J. W. McQueen, president Sloss-Sheffield Steel & Iron Co., 
Birmingham, Ala., who has been on an extended recreation trip 
in the Northwest, returned July 1. 


Vv 


W. C. Hamilton, formerly works manager of the American 
Steel Foundries, Granite City, Ill, has been appointed works 
manager of the Duquesne Steel Foundry Company, Coraopolis, 
Pa: 

Vv 

Wilford L. Stork resigned recently as foundry superinten- 
dent of the Detroit Valve & Fittings Co., Wyandotte, Mich. He 
now is works manager of McCord & Co., West Pullman, IIl., 
foundry operators. 

Vv 

W. Woodward Williams has resigned as vice president and 
general manager of the Reading Iron Company, Reading, Pa., 
and will become assistant to the president of the Pittsburgh 
Gauge & Supply Co., Pittsburgh, September 1. Mr. Williams is 
understood to have acquired a substantial stock interest in the 
Pittsburgh Gauge & Supply Co., a large jobber of mill, mine and 
railroad supplies, as well as manufacturer of washing machines, 
ironing machines and vacum cleaners. Mr. Williams is widely 
known among manufacturers of iron and steel products through- 
out the country and also among users of iron, steel and tubular 
products because of his extended experience in these fields. 

Mr. Williams was born in Cleveland, October 21, 1882, and 
after being graduated from Harvard University in the class of 
1905, he spent six years in the mills of the Carnegie Steel Com- 
pany, at Pittsburgh and Duquesne, Pa., and Youngstown, O. His 
first selling experience was with the Bourne-Fuller Company, 
Cleveland, and later he was appointed manager of that company’s 
Pittsburgh office. In January, 1914, he became general manager 
of sales of the A. M. Byers Company, Pittsburgh, and subse- 
quently was made its general manager. On August 1, 1919, he 
became general manager of the Reading Iron Company, and 
afterward was elected vice president of the Reading company: 
in charge of sales and operations. 
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The Electric Alloy Steel Company, Youngstown, O., has per- 
fected financing plans covering an apprepriation for proposed 
expansion. Extensive improvements and extensions will be 
made at the works at Charleroi, Pa, recently acquired from 
the Universal Steel Company, and a large new plant is projected 
on a 150-acre site at Niles, O. At the Charleroi works it is 
planned to install two new steel making furnaces, electric- 
operated, a new crucible furnace, and the construction of a new 
yard to facilitate the handling of materials. The capacity of this 
plant will be increased from about 10,000 to 25,000 tons per 
annum. The present equipment consists of two crucible steel 
furnaces and one electric furnace, rolling mills, 10-inch and 16- 
inch, forge shop with complete hammer department, complete 
cold processing plant, with lathes, straightening machines, an- 
nealing and heating equipment, etc., as well as boiler and power 
plant for general works service. The furnace equipment will be 
started up at once at this plant, with principal output devoted to 
ball and roller bearings, steel rods and similar high-grade 
products. Preliminary plans are being perfected for the new 
steel works at Niles, and a large investment will be made there. 
L. J. Campbell is president, and W. D. Myers, secretary and 
treasurer. 

The Phoenix Iron Works Company, Meadville, Pa., has ar- 
ranged for a stock issue of $1,500,000, and will use a large part 
of the proceeds for extensions and improvements at its plant 
for increased production. Details of the proposed work are now 
being arranged, and considerable new equipment will be installed 
to give employment to a number of new operatives. The com- 
pany specializes in the manufacture of gray iron castings, 
machinery for sugar mills, steel works equipment, tanks, loce- 
motive cylinders and kindred products. 


The Beaumont Iron Works Company, Beaumont, Tex., is 
planning for the early erection of a number of additions to its 
plant for increased capacity. The extensions will include a new 
main one-story building, 40x170 feet, to be equipped as a foundry 
and for general iron working, with three-story building adjoin- 
ing, to be utilized for similar service, including a machine shop 
department, and other buildings for auxiliary works service. 
The installation will comprise new machinery of various kinds, 
including electric traveling cranes, machine tools, iron-working 
equipment, foundry apparatus, etc. The entire project is esti- 
mated to cost about $200,000. The company recently increased 
its capital from $225,000 to $700,000 for expansion. L. J. Black 
is president; Robert Cummings, Houston, Tex., is engineer for 
the new structures. 


The Stanley Steel Welded Wheel Corporation, Boston, Mass., 
has acquired a large tract of land at North Tonawanda, N. Y., 
totaling about 30 acres, and has preliminary plans under way 
for the erection of a new plant. The first buildings will cost 
about $75,000. The equipment installation will include electric 
cranes, presses and a full complement of iron and steel working 
machinery. James T. MacMurray is president, and Samuel E. 
Guild, Jr., secretary and treasurer. 

_—_—_ew 

The Hamilton Furnace Company, Hamilten, O., operating the 
Miami furnace at this point, is planning for the erection of a 
new machine and repair shop, and will build thie structure of a 
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size to accommodate equipment in the present building and new 
machinery for increased output. The present shop will be used 
for a welfare building for employes on the completion of the 
new building. A new warehouse has recently been completed at 
the plant. 


The Frasse Steel Company, 41 Canal street, New York, has 
completed plans for the erection of an addition to its plant at 
Hartford, Conn., and will inaugurate immediate construction. 
The structure will be one-story, brick and steel, 35x100 feet, and 
will form an addition to one of the existing buildings at the 
plant. The company specializes in the manufacture of steel tub- 
ing, tools, and other steel products. 


The Ford steel plant, near Detroit, Mich., operated by Henry 
Ford, head of the Ford Motor Company, has inaugurated active 
production, and while the project is far from completion, the 
initial units will be placed in service as soon as ready. The 
works are located on the River Rouge, with site comprising close 
to 1,000 acres of land. The first of four blast furnaces is now 
operating, while coke ovens, chemical works, gas plant and sub- 
sidiary branches of operation will soon be placed in service. 
The second furnace will be placed in blast at an early date. Space 
has been provided for four additional blast furnaces, another 
foundry and other buildings, and these will be constructed in 
the future. The ore docks were completed some months ago. 
Production at the plant will be used for the motor car works. 


The plant of the Hewitt Steel Corporation, Newark, N. J., 
has been acquired by the Titan Steel Corporation, recently organ- 
ized, and in the future will be used for the manufacture of rail- 
way equipment of various kinds. The plant was at one time 
operated by a company known as the Titan Steel Castings Com- 
pany, and during the war was run by the Hewitt interests for 
the manufacture of steel shells for the government. It com- 
prises a number of buildings, well equipped, with open hearth 
furnaces and is valued in excess of $130,000. The new owner is 
planning for extensive improvement work. The various build- 
ings will be remodeled to accommodate the new line of business 
and additional equipment installed as required for increased pro- 
duction. The initial output will comprise primarily car trucks 
and body bolsters. The company is said to have orders on 
hand to insure full production for some time to come. R. E. 
Jennings, Jr., is president; S. A. Benner, vice president, and R. E. 
Gill, secretary. R. E. Jennings, Sr., director and former presi- 
dent of the Carpenter Steel Company, Reading, Pa., and director 
of the Eastern Steel Company, Pottsville, Pa., is heavily inter- 
ested in the new company. 


The Whitaker-Glessner Company, Wheeling, W. Va., has plans 
under way for the erection of a new branch fabricating plant 
at Kansas City, Mo. The company specializes in the manufac- 
ture of culverts, tanks and kindred products. The new plant 
will be five-story and basement, brick and reinforced concrete. 
This concern was recently merged with the Wheeling Steel & 
Iron Co. and the La Belle Iron Works under the name of the 
Wheeling Steel Corporation, capitalized at $100,000,000. The 
new organization will act as a holding company, and the various 
divisions will maintain their present identity, 
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CORROSION IN COKE OVENS. 


At the annual meeting of the Society of Chemical In- 
dustry, at Newcastle, on the 13th inst, W. J. Rees read a 
paper on “Coke Oven Corrosion,” in which it was shown 
that the presence of salt in coal is an important factor in the 
lie of the oven. It was estimated, from analyses of the 
w. ings and drainage water from slack, that in average 
practice in South Yorkshire about 50 pounds of sodium 
chloride and 20 pounds of sodium sulphate are carried into 
the coke oven with each charge of slack. As the internal 
walls of the oven do not reach a temperature at which salt 
glazing is rapid, the salt vapor penetrates the brick until a 
zone is reached where the temperature is high enough for a 
rapid interaction between vapor and brick, the whole process 
resulting in the formation of a spongy mass that may “ball” 
or be dragged away by the moving coal or coke. The pres- 
ence of a layer of hematite in that portion of the brick where 
shearing and disintegration take place is apparently due to 
the formation and penetration of ferric chloride, and its sub- 
sequent oxidation. In regard to the substitution of other 
types of brick, recent improvements in the process of manu- 
facture have resulted in the production of silica bricks which, 
as American experience has shown, behave satisfactorily 
under the conditions of coke oven practice. 


COKE HANDLING EQUIPMENT. 


lhe coke after being quenched is delivered by quenching 
cars to the coke wharf, where it is spread out in a com- 
paratively thin layer to facilitate cooling and to permit local 
quenching of any hot spots. Finger gates and rotary pocket 
feeders located along the iace of the wharf arrest the motion 
of the coke on the wharf and permit it being fed regularly to 
a belt conveyor which transfers the coke to the screening 
statior. — 


Coke Classification and Sizes. 


Coke is classified as furnace, foundry or domestic, de- 
pending on its chemical and physical properties. Classified 
approximately as to size, furnace coke is “run-of-oven” coke 
from which the breeze and other small coke, i. e.: ¥% inch 
size and under, is removed; foundry coke is a blocky coke. 
with a maximum size much greater than furnace coke, and 
from which all sizes under 2% to 3 inches are removed. 
Domestic coke, which includes all sizes 3 inch and under, is 
sub-divided into egg, stove, nut, pea and breeze sizes. Egg 
coke includes sizes between 2'%4 and 3 inches: stove coke in- 
cludes sizes between 114 and 21% inches; nut coke includes 
sizes between 34 and 1% inches; pea coke includes sizes be- 
tween % and 3% inches, and breeze coke includes sizes % and 
under. The above classification is an average only and varies 
slightly at different plants. 


Coke Handling and Screening Methods. 


Coke handling methods have been greatly improved and 
simplified during the past few years. Coke being both brittle 
and very abrasive, is a difficult material to handlé. The engi- 
neering problems involved are of a very special nature, the 
solution of which would be undertaken only by an organiza- 
tion with considerable experience in this particular field. 


The arrangement and selection of coke handling equip- 
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ment depends on the kind of coke to be manufactured. In 
general the plants may be divided into four types—plants 
producing furnace coke, plants producing foundry and fur- 
nace coke, plants producing foundry and domestic coke, and 
plants producing foundry, furnace and domestic coke. 


Where by-product coke plants are constructed in connec- 
tion with blast furnaces and steel plants, the first type of 
plant is usually installed. Stationary cascade bar screens or 
revolving drum screens separate furnace coke from the 
small sizes. The revolving disc grizzly which has been used 
for foundry screening is now being used successfully, with 
small openings, for furnace coke screening, “Run-of-oven” 
coke is delivered by the conveyor from the wharf to the 
screens located in a screening station. The coke passing 
over the screen is delivered by chutes or by boom conveyors 
to railroad cars, the small coke or breeze passing through 
the screen being delivered to cars direct or to a ‘belt con- 
veyor which carries it to a reciprocating or revolving -drum 
screen located over bins. This last screen separates the 
small coke into two sizes and delivers to the bins, the separa- 
tion giving a better product for burning on the boiler house 
stokers. : a 

The second type of plant differs from the first only in 
that a foundry screening and loading station is installed 
ahead of the furnace screening station. The coal mixture © 
used is such that a larger maximum size of coke is produced. 


Domestic coke handling and screening plants. the third 
type, differ greatly in the layout and arrangement of units, 
which are influenced by such factors as the location of the 
plant with reference to the market and by trade conditions, 
it being necessary in some plants to arrange for loading do- 
mestic coke to open top cars. box cars or barges, and for 
delivering in bags or in bulk to wagons and trucks. This 
type of plant consists essentially of a foundry screening sta- 
tion and a domestic screening station. The foundry screen- 
ing station is arranged similarly to that described under the 
second type of plant except that a coke crusher is generally 
installed to crush coke to domestic sizes. 

The principal difference between the third and fourth 
tvpes of plants is that the latter has a furnace screen, usually 
of the rotary grizzly type, although sometimes a cascade bar 
screen is used. 

A modern plant is likely to require a combination of any 
or all of the above screening and loading facilities and there 
is practically no limit to the number of possible arrange- 
ments. The conditions at each plant must be given careful 
study and a layout made according to it individual require- 
ments. 


J. Van Ackeren. superintendent of the Koppers Company, 
Pittsburgh, has returned after several weeks inspection trip of. 
European by-products coke plants. 

vv 

D. T. Haddock, superintendent of the Sharon, Pa., plant of 
the American Sheet & Tin Plate Co., was presented with a 
diamond. 


Vv 


William F. Corey. chairman Midvale Steel & Ordnance Co., 
has returned from a trip abroad. 


2 nvrgnenrerennrazaeca vege see LUE EEE UUCAOTMAELTLETEETE TTA 
i —¥ 

E E 
E TRADE NOTES = 
= 

= 

Sat UOTHIIITTVORIFIOTIANTUENOEEUNESOETDSUNGUETOMULARCOETOTTTOHTTOOATSUNETOTUTOENUO ATED HAEUATAA ET 


At the new sheet mill of Follansbee 
Brothers Company, Toronto, O., the fur- 
naces for the sheet mill will be fired 
with powdered coal. For transporting 
the pulverized fiel from the milling 
plant to the furnace bins, the Quigley 
air transport system has been adopted. 
A standard blowing unit of five tons ca- 
pacity consisting of pulverized fuel bin, 
blow tank and scales and which is cap- 
able of transporting 10 tons of pulverized 
coal per hour, will be installed. The 
total distance for transporting fuel is ap- 
proximately 1,700 feet. This blowing 
-equipment is being furnished by the 
Quigley Furnace Specialties Company, 
26 Cortlandt street, New York City. 


Charles H. Breed, until recently metal- 
lurgist with the Crown Cork & Seal 
Co., of Baltimore, Md., has joined the 
staff of Daniel M. Luehrs, industrial 
consulting engineers, Cleveland, O., as 
consulting metallurgist. Mr. Breed will 
have charge of the metallurgical labora- 
tories. 


E. M. Heumann, until recently con- 
nected with the chemical department of 
the Crown Cork & Seal Co., of Balti- 
more, Md., has joined the staff of Daniel 
M. Luehrs, industrial consulting engi- 
neers, Cleveland, O., as chemist in charge 
of the chemcial laboratories. 
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“Metal Melting Pots” is the title of a 
new two-page, 8%x11 illustrated leaflet 
descriptive of C-H melting pots, both 
portable and bench types. These heating 
pots are especially serviceable for melt- 
ing lead, tin, soldier, babbitt, etc., and 
maintaining these metals at the proper 
temperature. The heat may be controlled 
by means of a rotary snap switch or an 
automatic control device which main- 
tains the temperature at the desired 
point. The leaflet is known as Publica- 
tion 826. 


F. A. Calhoun Company announce a 
new catalogue No. 5, illustrating and de- 
scribing their line of portable heat-treat- 
ing furnaces. The catalogue contains 40 


pages, 


Yarnail-Waring Company have issued 
a new descriptive folder No. C-805, on 
“Yarway Pipe Joint and Yarway Holtite 
Pipe Clamps.” 


“The Iron Ores of Lake Superior,” by 
Crowell & Murray, industrial chemists 
and mining engineers, Cleveland; cloth; 
301 pages, 6x9 inches; published by the 
Penton Publishing Company, Cleveland, 
and supplied by the Iron Trade Review, 
$5, net. | 
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Bulletin 38. The Roberts & Schaefer 
Co., Chicago, Ill., pp. 6; 8%4x11 in.; illus- 
trated. A description of modern me- 
chanical equipment for the handling of 
locomotive coal. 


“W-S-M ‘Car Dumpers,” Wellman- 
Seaver-Morgan Company, Cleveland, O., 
publisher. Bulletin 49, pp. 15; 8%4x11 in.; 
illustrated. Description of coal car 
dumping plants at terminals and plants. 


“W-S-M Coal and Ore Handling Ma- 
chinery,” Wellman-Seaver-Morgan Com- 
pany, Cleveland, O. Bulletin 41, pp. 48: 
84x11 in.; illustrated. Description of 
several types of extensive equipment for 
unloading open-top cars and for han- 
dling coal and ore at terminals and large 
plants. 


“Extension to L Street Station, Bos- 
ton,” by Charles H. Bromley. Distribut- 


-ed by the Cutler-Hammer Manufactur- 


ing Company, Milwaukee, Wis., pp. 4; 
814x11 in.; illustrated. Relates how Bos- 
ton uses the Dean control for the oper- 
ation of gate valves, 


The National Tube Company, Pitts- 
burgh, Pa. Bulletin, pp. 69; 8%x11 in.; 
illustrated. Description of the various 
processes of making seamless tubes in 
the Nationla works. Accounts of tests 
are given and facts of interest to those 
using tubes. . 


“Bearings and Their Lubrication.” 
Vacuum Oil Company, New York, N. 
Y., publisher. Bulletin, pp. 31; 9x11% 
in.; illustrated. Various types of bear- 
ings are noted and lubrication com- 
mented upon. 


“Portable Conveyors,” Portable Ma- 
chinery Company, Passaic, N. J., pub- 
lisher. Catalogue, pp. 24; 614x914 in.; 
illustrated. Notes money-saving fea- 
tures of certain machinery for storing, 
reclaiming, loading and unloading loose 
material such as coal, coke, etc. 


“Welding and Cutting Equipment,” 
Davis-Bournonville Company, Jersey 
City, N. J., publisher. Catalogue ,pp. 15; 
3144x6%4 in.; illustrated. A description of 
oxy-acetylene and oxy-hydrogen weld- 
ing and cutting equipment in the manu- 
facture of which this company has been 
exclusively engaged. 


“Roller Bearings, Trucks and Mine 
Cars,” Railway & Mine Supply Co., Chi- 
cago, Ill. Bulletin 191, pp. 24; 84x11 
in.; illustrated. A description of the 
equipment noted in the title of the cata- 
logue together with drawings of cars, on 
which provision is made for filling in 
dimensions of equipment desired by pos- 
sible purchasers. 


Westinghouse Electric & Manufactur- 
ing Co., East Pittsburgh,. Pa., pp. 25; 4x7 
in.; illustrated, miniature catalogue 5 
A-l. Notes concerning Westinghouse 
insulating materials and supplies. 


“Artesian Waters of Northeastern 
Illinois,” by Carl B. Anderson, State of 


September, 1920 


Illinois, Department of Registration and 
Education. Division of the State Geolog- 
ical Survey, Urbana, Ill. Bulletin 34, 
Illustrated, pp. 326; 7x10 in. 


“Coal in 1918.” Part A. Production. 
By C. E. Lesher. Department of the 
Interior, Bureau of Mines. 11-27. Min- 
eral Resources of the U. S., 1918 part 
11 (page 695—813). Published May 28, 


1920. Illustrated; pp. 119; 6x9 in. 


“Annual Report of Coal Mines for the 
Year Ending December 31, 1919, for the 
State of Washington,” by James Bagley, 
state mine inspector, Seattle, Wash. Not 
illustrated; pp. 53; 6x9 in. Statistical data 
and information about the coal mines of 
the state. 


The Chicago ‘Pneumatic Tool Com- 
pany, with offices in New York, an- 
nounces the election of Allan E. Good- 
hue as vice president in charge sales. 
Mr. Goodhue, since May 1, 1919, has 
been managing director of the English 
subsidiary, the Consolidated Pneumatic 
Tool Company, London, England; also 
director of European sales for the Chi- 
cago Pneumatic Tool Company. Mr. 
Goodhue was for a number of years con- 
nected with the sales department of the 
Midvale Steel Company and Midvale 
Steel & Ordnance Company, in Phila- 
delphia, Chicago and Boston, leaving 
that company in March, 1918, to enter 
the service of the Government. From 
that time until January 1, 1919, when he 
became connected with the Chicago 
Pneumatic Tool Company, he was as- 
sistant manager of the steel and raw ma- 
terial section. production division, of the 
Emergency Fleet Corporation. 


In view of the present great scarcity 
of fuel and the unusual public interest 
in the economical consumption of it, the 
Uehling Instrument Company, 71 Broad- 
way. New York City, has decided to ex- 
hibit fuel saving devices at two of the 
leading expositions of the year, the 
Chemical show, Grand Central Palace, 
New York, September 20-25, and the Na- 
tional Association of Stationary Engi- 
neers Convention, Milwaukee, Wis., Sep- 
tember 13-17. 


Yale & Towne 
Stamford, Conn. 


Manufacturing Co., 
Folder pp. 4; 8%x12 
in.; illustrated. Announcement of the 
purchase of the Industrial Electric 
Truck Division of the C. W. Hunt 
Company, of Staten Island, N. Y. 


Bulletins. 


“Electrometallurgical and  Electro- 
chemical Industry in the States of Wash- 
ington” by Charles D. Grier. Engineer- 
ing Experiment Station, University of 
Washington. Bulletin 5. Illustrated; pp. 
45; 6x9 in. : 


“Quarry Accidente in the United States 
During the Calendar Year 1918,” by 
Albert H. Fay. Not illustrated; pp. 52; 
6x9 in. . 
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UEHLING EQUIPMENT 


insures correct air supply for any process 
of combustion, any type of furnace, any 
kind of fuel. 


Bulletin No. 111-E, descriptive of our new 
equipment, should be in the hands of every 
power plant engineer and metallurgist. 


UEHLING INSTRUMENT CO. 


‘Combustion Engineers 
2113 Empire Bldg. New York 
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